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FOREWORD
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radiative absorption coefficients, and equations of state.
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for Multidimensional Problems," J. R. Triplett, October 24, 1967; GAMD-8379,
"A Brief Study of the Thermodynamic Properties of Several Low Z Elements at Low
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ABSTRACT

(Distribution Limitation Statement No. 2)

The OUTPUT code is designed for the analysis of early-time nuclear explosions.
The equations for radiative transfer (characteristic method) and conservation

of total (fluid and radiation) momentum and energy are solved in one-dimensional
(plane or spherical) geometry. The radiation equations include first-order
Compton scattering, and the hydrodynamic equations are treated in explicit

] Lagrangian form. The code is undergoing continuing development; the formulation,
flow charts, glossary, and listings presented represent its status as of

27 October 1967.
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SECTION I

INTRODUCTION

PURPOSE OF CODE

The OUTPUT code, a version of the SPUTTER code, is a one-
dimensional, Lagrangian, radiative hydrodynamics program written in the
FORTRAN IV language. The purpose of this code is to calculate and to
predict the radiative spectrum and the early-time evolution of nuclear
devices. The code has been applied to several devices,; the results of

these applications are reported in reference 4.

PHYSICAL MODEL

The solution to the radiation transport equation .« similar to that in
the standard SPUTTER program (Ref. 2) in that the characteristic ray
approach is employed for grey or multifrequency preblems with mixed
diffusion and transport regimes. However, OUTPUT includes as options
Thomson scattering (conservative scattering) and first-order Compton
gcattering (nonconservative). The physics of the hydrodynamics routine

have also been improved by including the radistion pressure as a tensor.

This improvement has the effect of adding a term to the momenturm equation
and a correspording work term to the energy equation. The energy equation
also now uses the radiation pressure as calculated in the radiation routines

rather than the usual equilibrium aiffusion assuiaption Pr =(1/3) a 04. where

0 = kT is the local material temperature multiplied by the Boitzmann con-

stant, in electron volis, and a = 137 ergllcm3lev4“ls the Stefan radiation

constant in appropriate units.
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LOGIC OF CONSTRUCTION

The logic followed in constructing OUTPUT has heen that the
SPUTTER format and bookkeeping subroutines should be employed as fully .
as possible so as to achieve the following benefits: (1) opacities and
material properties developed for SPUTTER would be immediately usable;
(2) problems run with SPUTTER could be picked up (i. e., off a tape) and
continued with OUTPUT or vice versa, using at most a simple transcription
program; (3) the job of redeveloping the auxiliary subroutines could be
avoided; and (4) personnel familiar with SPUTTER and its derivatives could
easily learn the differences between the codes. The differences between
the current SPUTTER program and the DUTPUT code are described in
Appendix I. It should be noted that the OUTPUT code was designed for a
particular class of problerﬁs; consequently, the capability of the SPUTTER
program to handle certain problems, e.g., conduction, boiling, etc., has
been eliminated. This has increased the efficiency of the code and released
need:zd core storage and common variables. The user is cautioned that
variables used solely in deleted sections of the SPUTTER code are now
employed differently.

This report is not a complete documentation of the OUTPUT code but
rather a documentation of those portions of the SPUTTER code that have
been substantially altered. The SPUTTER code has been documented in
reference 3. As an aid to gaining experie:i-.e in using the OUTPUT code,

a list of the cards used in making the successful comparison between the
Gulf General Atomic and Air Force Weapons Laboratory versions of the

OUTPUT code is included in Appendix II.
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SECTION II

THEORETICAL MODEL

The equations presented in this section represent the theoretical
model employed in the OUTPUT code. In general, the constraints stated
with the equatiors limit the applicability of the model to low-temperature
devices, with one-dimensional (plane or spherical) symmetry.

RADIATION EQUATIONS

The derivation of the transport equation for the intensity I(v, H, r, t),
i. e., the radiant enerqy per unit frequency v, per unit solid angle dQ, about
the direction (unit vector) 5 per unit time dt, per unit area, including the
effects of Compton scattering, is presented in reference 4. A summary of

this derivation is presented below.

The contributions to the rate of change of the inteasity, or to 1/c (81/9t) +

—_—

Q - VI, are assumed to be absorption, emission, and the scattering of
photons by free electrons. The absorption coefficient includes all signif-
icant processes by which photons are absorbed subject to the local-
thermodylllnarnic -equilibrium (LTE) assumption. The scattering coefficient
and the differential cross section for scattering are determined from the
Klein-Nishina formula (Ref. 5). A series of further approximations are
required to complete the hypothesis. They are:

1. The electron states before and after scattering are nondegenerate.
Doppler effects can be ignored.
Polarization is unimportant.

hv /moc2 <0.2, moc2 = rest energy of an electron.

(S U S VO

. Stimulated scattering is negligible.

3
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6. Retardation effects are omitted.

7. The spectrum is a smooth function of v.

With these assumptions, the following transport equation in plane geometry

is obtained for the quantity I(u) = 2—: I(S—f):

dI |
p'dx—,'l'a(Bv-I)+S

¥ —
A, . . .
where g = 2+ x is the normal direction cosine;

-hv/6
e

wo=p (1 - )

a

is the linear absorption coefficient corrected for induced emission;

- 4rhy E

v 3 (
c

hv /0 -1
e

B - 1)

is the Planck distribution function for radiation from a blackbody at

2m
temperature 6 eV, multiplied by =

3 1

S=-u |I-57 au'I(u")[3 - pu° + (3u° -.1)(u')2]

1
3 dI(u!' 2 2
vl g f e (I(u') yd#;‘,?) [3 - w% + wui® - 5)

+ 0% - @) + w6 - s w2 | 100

where

is the Thomson scattering coefficient valid for hv << m _c, in which

2 A ; , .
ro = e /(moc ) is the classical electron radius and Ne is the number

electrons per cm™; and

(1)

(2)

(3)

(4)

(5)

of

(6)
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Examination of the form of the scattering source term reveals that the
low-energy limit, i.e., ¥y = 0, gives the Thomson scattering law. To
determine the material heating due to Compton scattering, it is necessary
to integrate over all solid angles and over the entire frequency range. The

result, with sign reversed, is

2] o o]

- - = = - t - C
v- F = -c f u! (2B - E )dv +u_ > f VE  dv (7
[o] rlloc o

where

is the total flux and

E,=1 [ 1.9 a0
v Cc 4

"

is the radiant energy density spectrum. The first term on the right is the
usual heating term due to absorption or emission, whereas the second term

is the heating rate due to Compton scattering.

NUMERICAL INTEGRATION OF THE TRANSPORT EQUATION

The development of a scheme to integrate the transport equation
along a ray requires that several numerical approximations- be made.

Rewrite the source term S by rearranging and by employing the notation

41
n
1= f : I(p)(p)" dp (8)

Thus, Io' 11' and IZ are proportional to the radiation energy density, the

flux, and the radiation pressure, respectively. Now,

-
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s = -u {10 -2 - 75 (6 -uh T+ 3 -]

3 2 2 2 2
+ 15y [B-p)I_+ pBu” - 51 + (3u7 - 1)1, + u(3 - 5p )L, ]

2

3 4 2 2 2 2
“167Y 3y [(3 -u M+ uBp - 51, + (3p- - 1), + 3 - 5p )13]}

(9)

It is convenient to expand the last term as follows:

2 08(y) _ 3ly’f()]
Y T3y oy

- 2yf(y) (10)

Using this substitution, one finds

s = -u {1t -2 - 216 - 1T+ (36’ - )

9 2 2 2 2
+1er (B -1+ pBe” - 5) 1, + (3u7 - 1) I, + (3 - 5u7)1,]

2

i il GRS L P A C P P AC R PL R A
(11)

In Eq. (1), the intensity I(u,v) is the monochromatic intensity. In most

computer codes employing radiation transport, the quantity being calcu-

lated is the integral of the intensity over some frequency band (vj, Vj+ 1).

for which one finds

e A -
v uaj (BJ. IJ.) + SJ. (12)
where
Vit1
S. =f S(v) dv (13)
j
V.
j
Vitq
: =‘/'J fv) dv (14)
v
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The notation I. must not be confused with In as previously defined. However,
the distinction between symbols is fairly clear. Note that single subscripts
denote intensities and double subscripts represent moment quantities. Con-~
tinuing, one finds

_ — _3_ _ 2 2 _
s, - -us{IjM -2y ) - 6 - m )Ioj + (3u° - 1) Izj]

_ 2 2 2 2
7 (3 -u) I +pBu” -5)1 + GBu -1, +u3-5u )L, ]
j j : J j

-
o]

3 _h
16 2
m C

2 2 o 2
Vit [(3 -u V1,05 ) + HOH -5 vy

+(32' 1)L, ( ) + u(3 5u”) I ]

po-DL v )+ eG - B 3("j+1)

3 h
16 2
m c
o

2 2 2 2
v (3 -n )Io(vj) + u(3p - 5)11(vj) + p(3 - 5p )13(vj)

+ (3“‘2 - 1)1 (vj)]} (15)

where the assumption has been made that '-7j = (1/2) ('yj £ yj+1) and

V.

1 = ' wa 6
- —/‘: x(V) v (16)
J j
Moreover,
V. J
— _ jt+1
%%, E f Y1 (v) dv (17)
J .Vj

One should note that in Eq. (15) the quantities Io(vj), Ii(vj)’ etc., are the
moment quantities evaluated at the boundaries of the frequency group of

interest, i.e., vj and vj At this point, an approximation must be made

+1°
relating the boundary quantities and the frequency average quantities. If
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the spectrum is flat over the various frequency groups, then

Ix = Ix (vj)(vj+1 - vj) (18)

Thus,

3 e 2 2
S; = -#, L(1-2%) - [(3 - Ioj + (3u° - 1) Izj]

- 2 2 2 2
+;grj[(3-u)10 +u3e” -5+ Bu” - )L 4 pB -5, ]

vZ.
3 h j+1 2 2 2
T 16 2 (v J-v )[(3'“)10 w3 =51+ (G- I,
m _c jte j+1 j+1 “i41 j+1
2
+u(3-5u)1, ]
jr1
2
3 h vj 2 2 2
+R_ 2 v. v.[(3'“ ) Io.+l»‘(3li -5)I1c+(3u -1)12-
2
+ (3 -5u)1, ] (19)
J
Reorganizing the source term with Avj = vj+1 - vj' one obtains

. o u2 2
S, = -us’Ij(i - 27)) - 16 A, [(3 - )10j+ (3u° - 1)12j]

+ 22 A lee’ -1+ (3 -sud1 )

J J

3 2 2

1(JA [(3'“)10 + (3p -1)1_2 ]
j+1 j+1

3 2 2

- 16 AaH [(3u -5)11 +(3-5u)13 ]f (20) _
j+1 j+1
8
F vgoiv e
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where

2
B h J
Ay =37 g 2 Bv, (1)
m c j
o
A,=1-4A, (22)
2
h i+1
Ag = 2 AJv (23)
m _c j+1

At this point, the integration of the transport equation can be performed

as follows:

%

H dx - ua.

J
where
Using

as an integraring factor,

Ij (xz) = Ij(xi) e

where

(Bj - Ij) -, Ij (1 - zvj) +pg {1} (24)

+ Ij (1 - zvj) (25)

ﬁ
C
[}
5

(/) [w, +u (- 27j)]

e : (26)
one finds
_a,(xz-xi) ua. X -a.(xz-x')
gp— B.(x")e J dx!'
M - J
1
7] Xy - (x., -x")
+—sf {Ye 3%  ax 27)
ko Jy
1
@ == [u +p (1-27)] (28)
jow Ta s j
9

S Ap—

-

b o e
.
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The first two terms on the right-hand side have already been evaluated in
radiation-transport routines currently employed by SPUTTER (Ref. 2).
Here, the integral in the third term will be evaluated. The term in braces
Eq. (25)) contains cht sas I, , I
[Eq. (25)] ntains su erm oj Tojyg
approximation must be made concerning the spatial dependence of these

, etc. At this point, some

quantities. Following the assumption used in developing the Thomson

scattering code, assume that all functions vary linearly in geometric space.

Performing the required integration, one then finds

: ' -a.A ) e"c'!jA -a.A
I T N [ PR DR b Sy 1-e
T om 16 2 a, Q. 2
J J o
J
-a.A
u -a.A X -xea'] -a_]A
ik dia Wiz 0 Ve pnf 2”1 1 -e
u 16 H*%4 a. a. 2
J J o

J
- A
7} -ajA X, =X, € aJ -ajA
s 3 1 - e 2 1 1 -e
Y w16 A (‘————a. )"’*H a. - 2 (29
j j Q.
j
where A = Ax =x2 -x1
A= —— (x,(FI0(J,x,) + 4°FI12(J,x,)) - x,(FI0(J,x,) + uZ F12(J.x_))}
= ax %2 i Xy 1 X)) T M e
1 2
B = A—x{FIO(J'XZ) - FI0{(J, xi) + u (FIZ(J,xZ) - FIZ(J,xi))}

10
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1
C = Bz {xZFI3(J’,x1) - x,

D = 2= (FI3(J,x,) - FI3(,x,) + p*(FILT, x,) - FI1(3,x,))}

1 2
E = e [xZ(FIO(J’+ 1,x1) + u FI2(J + 1,x1)) - xi(FIO(J’+ 1,

+ u® FI2(7 + 1,x,))}

1 2
 —— 4 - -
F A {FI0(J + ..,xz) FIO(J + 1,x1) + pu (FI2(J + 1,x2)

1
G = o {xZFI3(J’+ 1,x1) - X,

. - xiFH(J’ + 1,x2))}

-1 2
H = o— {FI3(J + 1,x,) - FI3(J + 1,x,) + p"(FI1(T + 1,x,)

with FI0(J, xi) = 3Ioj (xi) - IZj (xi)

FIZ(J’,xi) = 312. (xi) - Io. (xi)
J J
FI3(J,xi) = 313. (xi) - 511.(xi)
J J
FIi(J’,xi) = 311. (xi) - 513. (xi)
J J
VZ
g h _J
A S Z Bv
m c j
o
A= t- by
l 2
A b i
3 mocz ap +1
11

FI3(J,x,) + u(x,F11(J, x,) - x, FI1(3,x,))

xZ)

FI12(J + 1,x,))}

FI3(T + 1,x2) + uz(szli(J + 1,x1)

FI1(J + 4,x,))}

(30)

(31)
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Computationally, the soluiion to the integral will be inaccurate due to
figure loss when ajA < 0.04. Under this condition, one finds the follow -

ing solution:

s f2
',Tf { }e
x4

r

~a.(x, -x'")
j 2 die

M
s 2 i A
=Sl T I'(FIO(J,xi) + FIZ(J’,xi))(i -3 aJ.A)+ < B]
--“—SA-3— Allr -1 ANFI3(T, x,) + wlFI14(3 n+2p
u =16 By 2 9 Xyt T B N3

m
8 3 1 2 A
+ —“—A E—A3 [(1 - E aJ.A)(FIO(J + 1,x1) + 4 FI2(J + 1,x1)) + ZF]
r—a=pa (1 -3 o) F3a+1,x) + “FIUT + 1,x,) + 2H| (32)
6 K3 z Y PXyh T B P XN T3

DISCUSSION OF THE NUMERICAL APPROXIMATIONS

In Eq. (7), the material heating rate for Compton scattering was
derived. It w'll now be shown that numerically the heating rate calculated

will be consistent with the analytical result. Integrating Eq. (24) over pu,

one finds
2
9. F.=u 2B -E) - E(1-2y)+u E[1-335 P _ _"J
c j B 1655 7 ) - B Ey Vil T Bg Y3 2 Av,
j m c j
(o]
2
h 1
+u E,. (33)
smCZ Avj+1 j+1

12
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Summing on j, one obtains

" N N h N v.z v.z+i
c V= 2 :"a.(ZBj i “-2 :7555' He 2 2 :(Ej av. " Ejg X
j=1 7 j=1 ¢ j=1 ] J
(34)
For the third term on the right-hand side, note that
2 2 2 2
%3 Vit1 Y4 "jN+1
Z E.av, " Fhia "B AT T Ene1 By (35)
Fa; J Vi+t Y4 N+1
Now, by definition, v = 0 and EN+1 = 0. Thus, the calculated heating rate
due to Compton scattering is
N
U c ¥y .E. 36
8 7/J J ks
j=1
Comparing this with the analytical result, i.e.,
h ©
£
Ch 3 f va dv (37)
m c o

one notes that the above sum is consistent with assuming a flat spectrum
over the various groups. oreover, in the limit as the number of groups
increases, the sum approaches the analytical result.

A computational difficulty encountered with the present fc rmulation
is that the intensity Ij(u) a:pends on the solid-angle moments »f the inten-
sity Ioj. I4., etc. However, if these quantities were known, the evaluation
»f the intensity would be superfluous, since one is usually concerned with
Yinding heating rates. The sclutica to the transport equation gives the
intensity I;H"(p) at time n + 1 in terms of the moment quantities at time n.
The assumption made is that the moment quantities at time n are close to
those at tunr: n + 4. Computationally, there are two equivalent ways to

achieve this result. The first way, and the lecast desirable, is to run the

13
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calculation with very small time increments. Now, even if the moment
quantities are rapidly changing, the errors involved are proportional to

the time step. After a number of cycles in which the solution is constant,
the moment quantities will also converge. A second way to guarantee that
the moment quantities are consistent with the transport equation is to iterate
on these quantities. A test can be made to see if the values at time n + 1
are different from those at time n. If differences are detected, the complete
transport calculations can be rerun using the new, updated, moment quan-
tities. This scheme is precently employed in the Thomson and Compton
scattering subroutines. To calculate the number of iterations required for
convegence, consider the following model for the case of Thomson scatter -

ing, /. e., ¥y - 0. For this case, the transport equation becomes

dIn+ 1

3%

_ n+1 n+1 3_ 1 2..n 2._ n
=p, (B -1"7) -ul + 1 8, [ -u) I+ (Bu - 1) L] (38)

If spatial homogeneity is assumed, then

r
r

n+1 a 3 s 2 2 n
") = =B+ o =6 - w0+ 307 - 1)) (39)
m m
where 4 = ua + M-
To find 12+1 and Ig+i, integrate over du. Thus,
2p u
R Y T (40)
o - -— o
M Hu
and
H u pu
n+1 2 "a 3 8 .n 1 8 n
= - — B4 = — = =
I 3= "t e = B0 % t
[T K m

Solving these recursion equations, one finds that

n He 2
Io = 2B [1 - (_—) ] (42)
T

14
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and
n 2

H M
22l (3) (@) ]
[ 10

From the form of these equations, one can conclude that the convergence

rate is controlled by the ratio us/ua + us. Thus, in the interesting situa -
tion in which scattering is the dominant mechanism, the number of iterations
required to achieve a given accuracy increases as the amount of absorption
decreases. This fact should be kept in mind when employing the scattering
code in regions with dominan.t scattering.

For the case of Compton scattering, consider the homogeneous

transport equation, or

+1 +1 3 2 2
0=u (B -1 - u ™ -2+ w16 - kDI 6T - OT)

9 2..n 2 n 2 n 2. .n
-3e Y (B -uD) I+ uBu” -5) I, + (3u - 1)L + u(3 - 5u7) 1]

3 9 2 2,..n 2 n 2 n 2, .n
+ 16 ¢ Y B -pi +u(Bu -5 T + (3u 1)L + p(3 - 5u7) 1]

s 3y
(44)
If one now integrates over _/_’1 du, one finds
Z.n
oy 1))
— .n+1i n o
7! Io = Zua B + Mo (1 -3y) Io + My oy (45)
where @ = B + us(i - 27).
Integrating over frequency, one finds
Zua B 2 VZ v2
S s SFPRET J5Y L - jtl g __lgm
o. = j 5 i = mCZ Avj+‘1 °j+1 Avj oj
J “j j uj pe
(46)
where
=Byt Hy (1 - 275) (47)
J
15
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Since I°k+:l = 0, the solution to the last equation is
2u 2 i
a 7] v
" -B : 1-] =135 -2 Kk
O k 1.-2 — k 2 Auk
b sl h k i ™o¢
a, = k m 2 i’,‘nvk
(48)

The remaining equations can be solved in reverse order. What is signifi-
cant is that the coefficient that determines the convergence is frequency -
dependent, and, moreover, the higher the frequency, the faster the
convergence, provided y < 0. 2.

Computationally, the iteration scheme has been developed for both
the Thomson and Compton scattering subroutines. Presently, the options
available for the iteration scheme are the number of iterations, an accur-

acy criterion to determine convergence, and an extrapolation switch allows

one to use the rate of convergence to extrapolate to find the desired function.

SPHERICAL GEOMETRY

In spherical geometry, the transport equation (1) is replaced by

dal
a—ua (Bv -I)+ S (49)

where x is now a coordinate measuring distance along a characteristic ray.
In the treatment of the scattering terms, the only difference is that the u's
appearing in S(x) must be replaced by an average § = (u1 + uz)/Z, where

B’y and u, are the cosines of the angles of the characteristic ray with
respect to the normal at x, and x,, respectively.

1 2

EQUATIONS OF MOTION

The same independent coordinates are used in the OUTPUT code

and SPUTTER code: mass m and time t. The Lagrangian mass

16
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coordinate m is defined by

T
m =f (o] r'a-1 p(r', t) dr’ (50)
o
where p is the density and
1 plane
o - ’

3 sphere

. . " . 2 .
This coordinate has the physical units of mass/cm” in plane geometry;
whereas in spherical geometry, it is the mass interior to radius r divided

by 4w/3. If Tis the specific volume, the equation of continuity is given by

:_:= L ~la-1) air(ra-i gf_) _—
The momentum equation can be written as
oo
P o g+ — (2044 =955 - 033) s
where u = dr/dt and (o-ij) is the symmetric stress tensor. The stress
tensor is given by
c..= -P " §.. -P,, (53)

ij m ij ij

where Pm is the material pressure including artificial viscosity, and Pij
is the radiation pressure tensor. In the case of plane geometry, a = 4

and the equation becomes

. 3P_+P)

dt dr

(54)

where P_ is the radiation pressure in the r direction.
o

This is the standard equation solved in the SPUTTER code. However,

the SPUTTER program assumes that Pr =(1/3)a 94, the equilibrium diffusion

value. This assumption is not made in the OUTPUT program; instead, the

17
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radiation pressure for a zone is computed as the second angular moment of
the intensity. Since the intensity and its moments are computed on zone
boundaries T the radiation pressure in the zone r. £r< Tir4 is defined

as the arithmetic mean

1
T TR (55)
i+3 i it+1

In the case of spherical symmetry, one must evaluate Ty and 53 The

radiation pressure tensor is given by
(P) = — f dnqQ1(p) (56)
2w /.

where i is the cosine of the angle 6 between the ray @ and the radius vector
T. If T is taken as a polar axis, an azimuthal angle ¢ can be introduced
and @ can be expressed as a column vector

Q1 73

5= QZ = 'Ji-uz cos ¢ (57)
Q Ji—pz sin &

3

The dyadic #%® is then obtained by postmultiplying this column by its trans-

pose, which gives

“2 p\’i - “2 cos ¢ p\/:-- pz gin ¢
1 2w
1 ,
(P) = z;f du f de I{u) | N1 - pz cos ¢ (1 - uz) cosz ¢ (1 -uz) cos ¢sin¢
-1 o

p'Ji - pz sin ¢ (1 - pz) sin¢ cos ¢ (1 -uz) eiinZ $ |

(58) .
On evaluating the integrals, one obtains
Pij =0 i (59) €
18
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1
2
P,,= f B I(p) dp (60)
-1
1 4 2
Pa2 " P37z f (-0 10 au (61)
Since P22 = P33 =4/2 [Er - Pii] , where Er is the radiation energy density,

1

Er=j; Idu (62)

Eq. (52) for the spherical case is

(P + P )
du m r 1
P dt = or T (3Pr - Er) (63)

where Pr =P The last term in Eq. (63) is in some cases a source of

11°
numerical noise, particularly at sinall radius r. Hence, a parameter S4
is employed in the code such that in the "diffusion" case, Pr/Er < 5S4, a
difference representation of Eq. (63) is used. However, in the ""'streaming"

case, Pr/Er >S54, one can rewrite Eq. (63) as

P
ou _ m 1 2 1
P 5;:-_ T 8r T 2 9 (r Pr) T r (Pr - Er) (64)

and a difference equation based on this form is used.
54 should be assigned on the basis of the characteristics of the

problem being solved; a typical value is 1/2.

ENERGY EQUATION

The equation for conservation of energy is given by

dE__ [BEr __] (@-1)7
a "LtV El G P P )T T BP - E)uté  (65)

whure Em is the material specific internal energy, F is the flux of radiation,

19
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and és is an external energy source rate per unit mass. The standard

SPUUTTER code takes the radiative heatirg rate per unit mass, ér, as

L= (v ) r. (66)

However, the OUTPUT code includes the radiative streaming contribution,
and ér is calculated in the spherical case as

. = 1
e_ = [-V- F + = (3Pr - Er) u] T. (67)

The form T(aEr/at) is combined with dEm/dt, so that Eq. (65) is treated
as an equation for the rate of change of total specific energy. The differ -
ence equations are then developed as in the standard SPUTTER code.

The energy source rates és are determined py the source routines
QUES8, QUE9, QUE10. These source routines are described briefly in
Appendix I.

After determining the change in total specific energy during a time
interval due to ér, és, and the radiative and material work terms as
shown in Eq. (65), the material temperature is advanced by inverting the
equation of state to find the temperature corresponding to the new values
of Em and T.

In order to avoid excessive restriction of the time step during the
early portion of a calculation, it has been found advisable to utilize the
equilibrium diffusion approximation

E =a94
T

for the energy density of the radiation field in the energy conservation
equation. This approximation is valid in the core, where most of the

energy exchange between the field and the material occurs.

20
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SECTION III

OUTPUT CODE PROGRAMMING

LOGIC OF THE CODE

The two basic independent variables in the OUTPUT code are mass
and time. Each of these continuous variables is divided into discrete
elements, the mass into an array of zones of variable size M.1 and the time
into a series of time steps At". The properties of the system are calcu-
lated for all zones at time tn+1, from given values at time t"., There are
essentiaily two kinds of properties which define the system: kinematic
properties, such as the positions Ri and velocities Ri of the zone boundaries;
and thermodynamic properties, such as the specific volumes T the tem -
peratures Oi. the specific internal energies Ei' the material pressures Pi'
and the specific heats at constant volume Cv. A specification of Mi' Ri' T
and Oi completely defines the system at any given time, assuming that local
thermodynamic equilibrium prevails throughout the system. All kinematic
quantities are functions of the first two variables, and all thermodynamic
properties are functions of the last two. The heating rates in each zone--
specifically, heating from an external source (ési) and heating by radiation
transport within the system (e ri) --will generally depend on all four
variables and the time.

The program is divided into two segments (MP1 and MP2) to reduce

computer storage requirements. Segment MP1 sets up the initial conditions.

~

The temperatures Oi, masses Gi' velocities Ri' and interface positions Ri
for each zone are provided by card input. All other quantities necessary
for complete problem specification are calculated within the MP1 segment.

This segment is also utilized to redefine new zones during the course of a

21
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calculation if, for reasons of economy or greater definition, a rezoning of
the system is desired. MP1 performs the required peripheral operations,
such as reading or changing dump tapes on restarts of a calculation.

Segment MP2 consists of two loops (see Fig. 1). The main loop
represents one cycle, representing an advance in time, and the secondary
loop represents a radiation subcycle. The division of the main loop into
separate boxes corresponds to the way various phases of the calculation
are parceled out to subroutines, called in turn by the main program (MP2).
The labels next to the boxes are in some cases the names of the subroutines;
in two cases, EOS and TEMPIT, they are names of ''sub-subroutines' called
by the subroutines. Unlabeled boxes signify computations (or logical
decisions) made in the main program itself.

The cycle begins with a computation of the time increment Atn+1/2.
The time increment is set equal to the minimum of (1) DTMAX1, DTMAXZ,
and DTMAX3, which are external tlirne controls, (2) Courant stability con-
ditions At:-H/Z, and (3) nine-tenths of the radiation time step Atrl;-i/z. The
nine—tenth-s used for the radiation time calculation is introduced to prevent
radiation subcycling due to small changes in AtR from one cycle to the next.
DTR, the time increment used by those subroutines involved in the sub-
cycling loop, is set to Atn+1/z. The hydrodynamics portion of the cycle is
entered next, where the kinematic quantities are updated. The artificial
viscosity term PZi, which enters the calculation as a pressure to be added
to the material pressure, acts as a shock-smoothing term, spreading the
shock structure over three zones. The next two phases of the calculation

compute the heat term AQ in the equation expressing the first law of thermo -

dynamics, AQ = AE + PAV. The heating rate due to an external source

(én+‘1/2
si

ing on the nature of the source.

) is calculated in one of several choices of sub-subroutines, depend-

The heating rate due to radiation (ér;_:ilz) is calculated in the RADTN

section. The main subroutine of this section calls an auxiliary subroutine,

22
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| 8

— v

NPUT DATA LS adif2
READ iNPUT D —gp] Compute: R RADTN
A 4
Generate zone boundaries T W "
SEGMENT and initla) conditions or Compute: r? 7“'? ;AO? ; ENCALC
M1 S restart from dump tape.
Rezone |f desired. El'."'
)
‘ !
Print out data, initial start Compute: Er'Hi; Pi"”-,
cycle, and make consistency i i
checks. o -
L 9_5 n . [aE n EDS |
o i ' ar i .

e : |, RADIATION i
Start maln calculation SUBCYCLE | i
loop, cycle n+l,

1f energy accuracy Is not i
‘ satisfied, iterate to find a
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i At2 . 635 L BRI TY quantities for energy ECALC
c” +3°(AR7) conservation check,”

Check to see If radiation
stabllity and/or accuracy
conditions have required
If cycle n+l is to be printed subcycling (DTR < DTH2)
SEGMENT on output, set TD = D,

MP2 l

v -

l FORCE T to be

consistent with
AR, and G;. '

Ssve oid R's in "C" array.
g . HYDRD l
R',"”z; AR?”; ‘?H; R?H; v?ﬂlz

Compute: PLAA N +At"+”2
l and Increment cycle number.

T

if desired (TD=D), print output
snd/or dump blank common on
binsry ontput tape.

an+|/2 if calculation Is compieted,
s QUE time has run out, or error hss
@0— been detected; cali UNCLE;
otherwise, continue with cycle H

oop. I 2

y ” ;
A Emuri'ellast cycie printout,
special common print, and i
gln:ry tape dump. ’ UNCLE
XiT.

Compute: rz’;‘” PTWO

Compute:

Figure 1. The OUTPUT code: Summary Flow Logic
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KAPPA, for absorption coefficients. The calculation may be either frequency-
independent (grey) or frequency-dependent. In the latter case, the absorption
coefficients a.n‘d radiaticn fluxes are compuicd in each of a desired set of
frequency groups, and the fluxes are summed up to obtain the total flux at
each boundary. Absorption coefficients in the grey case are Rosseland-
averaged opacities and are computed from analytic fits to the numerical
calculations of Stewart and Pyatt (Ref. 6). For multifrequency calculations,
the program uses a table of group-averaged opacities, which are read from
a data tape prepared by an duxiliary program.

ENCALC, where the next calculations are performed, gathers
the heating rates, computes the work done by each zone from the pressure
and the rate of volume change, and finds the increment of internal energy
from the first-law equation. One then obtains the corresponding increment
of temperature in each zone. After the temperature and specific volume
are updated, the equation of state is used to find the internal energy E, the
material pressure P41, and the two partial derivatives of E, 8E/980 and
8E/0v. The differeice between the first-law internal energy l':'JIi and the
equation-of -state energy Ei is compared to the change in internal energy
AE:Ii as a check on the accuracy of the calculation. If the comparison shows
they do not agrne to within a certain specified value $S19, the subroutine
TEMPIT uses the regula-falsi and interval halving iteration methods to find
a temperature for which the equation of state will return an acceptable Ei'
At the conclusion of the energy checks in ENCALC, all quantities describ-
ing the system have been incremented from time t" to tn+1. The main
program (MP2) checks the time step DTR to determine if the radiation sub-

routines have induced subcycling. If radiation stability requires subcycling,
nt1/2

DTR will have been set such that At is an even multiple of DTR. Sub-
cycling continues until the sum of all subcycling time steps is equal to
Atn+1 /2

3 +
The last act in the cycle is the updating of the time t" to t" e and

increasing of the cycle number by unity. After some decisions have been

24
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made regarding whether to print the information for this cycle and/or to
dump common on a binary dump tape for future restarts, control is passed
to the beginning of the loop and a new cycle begins.

In table I, a brief definition of terms used in figure { is given and

the variables used for storage in the code itself are specified.

FLOW CHART OF RADIATION

A flow chart of the radiation hierarchy is presented in figure 2

through 6. The figures that show the various s:routines are as follows:
BRAEY .o, 00600 Figure 2
STRANS ....... Figure 3
PTRANS. . ..... Figure 4
SCAT......... Figure 5
STEP. . .....:5% Figure 6

OUTPUT CODE GLOSSARY

This section contains a complete list of the ZORTRAN variables
appearing in several subroutines of the OUTPUT code. For each variable,
a brief definition or description is given. A number in parentheses super-
script to a variable indicates that the variable has been defined in the list
of another subroutine, as follows:

(1) SCAT

(2) STEP

(3)
(4)
(5)

Variables appear in alphabetical order within a subroutine list. The storage

STRANS
PTRANS
RAD

allocation--Blank Common, a2 name common, or private storage, which

is used only within the subroutine--is also given.

25
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TABLE 1

DETINITION OF TERMS USED IN FIGURE 1

Definition

time increment for cycle loop
maximum time step for Courant stability

maximum time step for radiation stability
for current cycle

maximum time step for radiation stability
for previous cycle

zone boundary positions at time TH
velocity of zone boundaries
R{i ¢« 5. - R(i)

)

area of zone (o r?
rate of change of zone volumes
artificial viscosity pressure

rate of energy deposition by source
rate of energy deposition by radiation
specific volume of zone

first-law increment of energy change
change in temperature during cycle
temperature of zone

first-law internal energy

equation -of -state internal energy
equation-of-state material pressure
specific heat at constant volume

self-explanatory

time

OUTPUT

Term Code
Atn+‘l/Z - DTH2
At::‘/ 2 |- RDIA
At;’” 2 1. pTRMIN
At;‘”z = DTRMIN
R = R{i)
R;\HIZ = RD(i)
ar! = DELTAR(i)
A;‘“ = Ali)
v?n/z = VD)
A B 210
é‘.'I“ 2 |- smrat
é::“ a = ER(i)
v;‘” = SV{i)
aE™! |- pBO)
a0l = W)
e;‘“ = THETA()
m:“‘ = EI(i)
gt = E()
Pt = P1(i)
(8E/00)" | = CV(i)
(OEIG?);‘H = PBi(i)
¢ = TH
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Called
from RADTN i

} :

Extend transport regiong y
l by five mean free paths.

Initialize

Call KAPPA for
grey opacities. l

Y

+1
Calculate At: &, Do diffusion or transport
by defined regions.
Diffusion is done directly,
transport by calls to
PTRANS or STRANS
Set up Y-lines. . }

1 l

Mul ti frequency print
if called for.

Initialize frequency
loop (1HNU=1),

l v
I TERATE

Update scattering moments.

1f multifrequency cCo ' (::)4- If iteration is required,
KAPPA for opacities ‘_@ loop; otherwise, proceed.

define sources.

T |

Set bouﬁdary source freq.

conditions, retrieve 1oop Update moments and advance

moment quantities from frequency. ( IHNU=THNU+1)
i'i:g and set Compton 1f last frequency, proceed;
e .

otherwise, loop.

v

Define source gradients l :
and diffusion regions.

Calculate ER and
l RETURN.

Figure 2. RAD
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69

SUMXL (1) F2
FSP(1) FS
ox(1) c(n)

YES

NO

= Y2(1)--X6(1)

LDF-2
=141

YES
<761 )}<10"2

Y2(1)=X6(1-1)

YES
85

YSQOP=0.0
JJ=1

JJJ=1

KK=1
Cl=0.5%C( IAX)
IT=1AX+]

w4
DHNU=HNUP-HNU |

<{1PnBG|<i 0~ 29

DEBUG PRINT

Figure 3 (continued). STRANS(N, M)
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YSQD! vsQOP
TEWP(9) Yy JJ)
42 J3

107 | J

YSQDP -X(KK)
FMu- YSQDP
K KK+ IM- 18X+2

TEMP(5) YSQDP-YSQD!?

CCIan-1)-v4J)

¥

JJ Ja+)

KK KK 1FIR{X{KK+1)})+2

€1 C1+0_25*C(I1AX) ]

167 i__

5a-

Y2(1) x6(1)

XB(101) X(X-1)/CC11)*TG(1 1))
LOF 1

Figure 3 (continued). STRANS(N, M)
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] E=1.
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- -
i -
a1 o F Im
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127

FNL-SUMXL( 1)-SUMX3(1)
—> XSQ=0X( 1)**2
X2(1)=X2( 1 )+FNL*(XSQ+XSQ)

171 135
ERROR

EXIT FM(1B8XP1)=0.0
SI=14.0171

133

XS=SQRT(CSQD( IBXP1+1)-CSQD( IBXP
FM(I1BXPI)=Y2( IBXPI)+XS/C(IBXPI+
TG(IBXPI+I)*FREXP(-XS*H(IBXPI))

l

TEMP(5)=CSQD( 1BXPI)-YSQDI
TEMP(11)=CSQD(1)-YSQDI

FU=(TEMP( 1 1)*(FM( IBXP1)+FM(18XP1))+
(cSQD( 1BXP1)-CSQD( 1)) *(SUMXL( 1AXP)+
SUMX3( IAXP)))/TEMP(5)

)
*

1)
1)

FLX=SUMX3{ 1 )+SUMXL(1) P
FP=FLX+FU

FPL=FP+FLX

RHO( | )=RHO( 1)+0X( | ) *FP

PR( 1 )=PR( |)+XSQ*(FPL+FLX)*0X( 1)
TR(1)=TR( | ) +XSQA*2AFNL*4

|

i =141 ]

I=1BXPI

YES

Figure 3 (continued). STRANS(N, M)
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- 1AX

YES

1=0.1

ND

PR(1)=PR(1)*0.08334/(CSQD(I)*C(1))
RHO( I )=RHO(1)*0.5/C(1)
FL(1)=0.1666667*X2(1)/CSQD(1)

TR(1)=0. |=—ppi

YES
147

TR(1)=TR(1)*0.05/CSQD( | ) **2

151 l

X2(1)=X2(1)*1.026€E12 ¢

NO

I>IBXPI

( RETURN )

Figure 3 (continued). STRANS(N, M)
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©

205

181

TG1==X8(1+1)
TG2=--X8(1)

+
C CALL STEP )

X8(1)=X(K)/C(1)*TG( 1) }=pp FM(I')

K=K+1

Y2(1)=Xx6(1-1)

Y2(1)=x6(1)

Figure 3 (continued).
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195

(RS

. =

7

2 e T
(:::}""*fiihﬂ‘ X(K) o
— B

T

ERRDR EXIT
S 1L, 0207

TEMP{2) SORTI(DELTAR( I )b O®C( 1) DELTARLI)II*H( 1) _]

HD X(K-1)*H'1)
TEMP(1) HDIHD
(N NE

12 1

RI -X(K-1)

R2 0O

TEMP( 1)>0.02

197

TEMP(16) (Y2(1+1)+x6(1))*0, 5%
TEMP(1)1(0,.667*Y2(1)
-0.5%Y2(1+1)-0.167* &
X6( 1) )*TEMP(2)

NN-O

Q AMAXI(Q.,1.-FMUS/H(1))
F2 FSTF2%(1,-TEMP( 1))+
Q*TEMP( 16)

201

Hu(:) FREAP(-TEMP( 1))
NN
TEMP(7) FREXP(-TEMP(

2))
TEMP(13) (X6(1)-Y2(1))/TEMP(2)**2%2.0
+1))/(TEMP(1)-TEMP(2))

TEMP(15) (x6(1)-Y2(1

EST 1.-H4(1)

(ﬁ CALL SCAT ;)
R

Q AMAXI(O..I.-FMUS/H%!))

F2 FS4F2%HL(1)1Q*(Y2( 1)1 TEMP(13)4TEMP(7)

*(-TEMP(15)-TEMP(13)*(TEMP(2)11.))
(TEMP(15)-Y2(111)))

VHU(1)*

Figure 3 (continued).

STRANS(N, M)
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©

223 221
YES
F2-0.0
N
225 ¥
FM(T)-F2
FsM(1)=-Fs [*
J=1AXP

!

TEMP(11)=CSQD(J)-YSQD]

FNL=SUMX&4(J)-

XSQ=0X(J)**2

SUMX3(J)

X2(J)=X2(J)+FNL*(XSQ+X5Q)

FU=(TEMP(11)*(FM(1)+F2)+({ YSQDP-CSQD(J))*
(SUMX4( 1AXP)+SUMX3( 1AXP)))/TEMP(S)

FLX=SUMX3(J)+SUMX4(J)

FP=FLX+FU
FPL=FP+FLX

RHO(J)=RHO{J)+OX{J)*FP
PR(J)=PR{J)+XSQ*(FPL+FLX)*0X(J)
TR(J)=TR({J)+XSQ**2*kFNL*4

iQ
F

F2
F2

1 !
J=J+1
233
NN=0 |e&
NG YES
J =1 .
CALL SCAT l
LR1=2
LDF=2
=AMAX1(0., 1. ~FMUS/H(1-1)) 1AXP=|+1
2=FS-F2%(1.-TEMP(1))-FQ*TEMP( 16) SUMX3( 1)
NO SUMXL( 1)
: 1=1AXP
‘ K=K-1
‘!D 1=1=1
R1=0.
@ R2=X(K)

Figure 3 (continued).

e
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237 !

NN- 1
EST-1.-H:(1 1)

'

(i CALLVSCAT :)
1

Q=AMAX1(0.,1.-FMUS/H(1-1)

F2=FS+F2*HL(1-1)+Q*(Y2( 1)+TEMP(15)+FREXP(-TEMP(1)
+TEMP(2))*(-TEMP(15)+TEMP(13)*(1.-TEMP(2)))
~HE(1-1)*(Y2(1-1)4TEMP(13)))

F2=0.

FNU=F2--FM( 1)

FNL=SUMX&( 1)-SUMX3( 1)
FXM=0X( | )-X(K)
X2( 1)=X2{ 1)+({X(K)+X(K)+0X( 1)) *

1)
FNUH(OX( 1)4+0X{ 1)+X(K))*
FNL ) *FXM

I=1TUEE

*—%i

THICK=
THICK+( (X{K)+X(K)+
OX(1))*F2+(0X( 1)+

OX( 1)+X(K))*SUMXL( 1))
*(0X(1)-X(K))

+OX( 1) )*F2+(0OX(1)
+0X( ! )+XTUBE ) *
SUMX4( 1)) *(0X(1)
-XTUBE)

THICK=THICK+( ( XTUBE+XTUBE

Figure 3 (continued). STRANS(N, M)
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263

FU FM(1)1F2

FLX SUMXB( 1) 1SUMXL( 1)

TEMP(6)-OX(1)*0X( 1)

TEMP(7) X(K)*X(K)

FXP OX(1)+X(K)

FXP3 FXP*#%3

FMI FU-FLX

RHO( 1)=-RHO( 1 ) +FXM*(FUIFLX)

PR(1) PR(1)IFXP*(TEMP(6)‘TEMP( 7)) *FMI+k *
(FLX*OX( 1 Y*TEMP(6)-FU*X(K)*TEMP( 7))

TR(1) TR{I)IFXMA(FNL*(FXP31OX(1)*(3.*
TEMP(6)-TEMP( 7)) ) ¢FNU*(FXP3+X(K)*

~ (3.*TEMP(7)+TEMP(6)))).

SUMY 1)-F2

SUMX3(1)-FHM(1)

FSP(1)-FS

ox(1)-x(K)

Y2(1)=x6(1)

t=1+1
K=K- | .-

LOF=2

v2(1)=X6(1-1)

I=18XP1

249 1*"“

HO=(X(K)-X(K+1))*H(1-1)

R1=X(K+1)

Figure 3 {continued). STRANS(N, M)
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239

TAXP=1AX
t=1AX
K=K~ 1
LRI=2
LDF=1

207

ERROR EXIT
Si=14.0207

241

F2=X6(1IN-1)

240

x8(1-1)=0
HO=X{K)*H( 1~1)

R1=0,

XB(1=1)=X(K+1)/C(1-1)*TG(1-1)
HO= ( X(K)=-X(K+1))*H(1-1)
RI=X(K+1)

T

HU( 1-1)=FREXP(-HD) |

——

i=1-1

12=1
R2=X(K)

IZN=1-1
TGI=X8(1-1)
TG2=X8(1)

2
C CALL STEP )

Figure 3 (concluded). STRANS(N, M)
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CALLED FROM
RAD

1AX N

18X-M

IN- 1A

INMI= IN-1
IMP 1 1M+
1BXPI- 1BX+1
IALPHA- ALPHA

120
NO ERROR EXIT
Si1=14,0120
YES
130
NY=LMDA(37)-1 |
NMU=(NY-1)*(NY+2)+I
NGS=NMUtNY+I
JJ=0
wo 4
1- 1A%
F2-0.0
@—u F$-0.0
FMU=RR{ NMU)
LRI=1 ;
180 360
- + o ERROR EXIT
LOF=1 IAX-IN S1-14.0360
220 0 |
@ 150 160
0 - ERROR EXIT
INMI Si=14,0160
170 : :
F2-X6{ INMI)
|
310 |

Figure 4. PTRANS
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Y2(1) X6(1-1)

260

SUMX3(1)-F2 |a—

Y2(1)=x6(1)

YES

I=(1CX+1)

TEMP(1)=H2{1-1)/RR(NMU)
HU(1-1)=FREXP(-TEMP(1)-TEMP(1))
F2 F2*HL(1-1)

Figure 4 (continued). PTRANS
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320
1 1BXPI
FS$ 0.0
LRI 2
370 360
ERROR EX17T
LDF- S| 14,0360
uoo@
520
F2 0.0 |e=

350 Lo

ERROR EXIT NO
S1-14.0350 GL-0.5

YES

F2=X6( I1MP})

lvcs

¢ L80
SUMXL(1)=F2 O

90 ¢

xz(|)uxz(|2-(r2-sunx3(|))*nn(ucs)
RHO{ 1 }=RHO 1)+(F2+SUMX3( 1) )*RR(NGS ) /RR(NMU)
PR(1)=PR 1)4(F2+SUMX3( 1) ) *RR(NGS ) *RR(NMU)
FL{1)=X2(1)
TR(1)~TR{1)-(F2-SUMX3( 1) ) *RR(NGS)*

RR (NUM) *RR( NMU )
LOF=2
FSP=FS
lalel

L70

1{|+-.i¢m" y2(141)=X6(1}

|

TEMP( | }=H2( 1) /RR(NMU)
MU( 1 )=FREXP(-TEMP(1)-TEMP(1)
F2-F2*HL(1)

Figure 4 (continued). PTRANS
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aalEEES s Ll L e,

Y2(1)=x6(1)
=141
12=1
RI=-C(1+1)
R2=-C( 1) -
1ZN-1
TGI=-Y8(1+1)
162--X8( 1)
( CALL STEP )
4o !
SUMXL( | )=F2
X2( 1)=X2(1)-(F2-SUMX3(1))*RR(NGS)
RHO( | )=RHO( | )+(F2+SUMX3( 1 ) ) *RR(NGS ) /RR(NMU)
:: :;-;g :;+(F2+SUMXB(l))*ﬂR(NGS)*RR(Nﬂd)
TR(1)=TR( 1)=(F2-SUMX3( 1)) *RR{NGS ) *RR ( NMU ) ##2
Y2(1)=X6(1-1)
Figure 4 (continued). PTRANS
] 42
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500
YtS

F2 0

NO

oy e

TEMP( 1) H2(1)/RR(NMU)

HU(1) FREXP(-TEMP(1)-TEMP(1)) i
F2 F2*%HU(1) f
510 l  J l
i

SUMXL({ 1) F2

X2(1)-X2(1)-(F2-SUMX3( 1) )*RR(NGS)

RHO( 1) RHO( 1)+ (F2+SUMX3( 1) )*RR(NGS)/RR(NMU)

PR(1) PR{I)I(F21SUMX3( 1) )*RR({NGS )*RR (NMU)

FL1) x2(1)
IR%I{-TR(I)-(FZ-SUMXB(l))*RR(NGS)*RR(NMU)*RR(NMU)

DEBUG PRINT

[
X2(1)=%2(1)%2,052€12

| OHNU-HNUP-HNU |

K
> JJ-JJ+1!
4 NMU - NMU+ |
NGS NGS+!

1> IBXP] >

Figure 4 (continued). PTRANS
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&g

310

SUMX3(1)=F2

> FSM(1)=FS
LOF=2

=1+

YES

TEHP(I;=H2(I-I)/RR(NMU)
HU(1-1)=FREXP(-TEMP(1)-TEMP(1))
F2=F2*H4(1-1)

Y2(1-1)=x6(1-1)

R XB(1-1)=TG(i=1)*RR(:

(82

Figure 4 (concluded). XPTRANS
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CALLED FROM
STEP

K=MINO(11,12)

YES

- —

I&LPHA- I

NO
102

YSQ=FMU
XX=R2*R2
XP-RI1*RI

SQMU=1 .

160

SQMU=FMU*FMU
FMUX FMU
DX~-DELTAR(K)/FMU
Ri=R1/FMU
R2-R2/FMU

FMUX=1,

104 Y3

SQMU=0.5*( XP/(XP+YSQ)+XX/(XX+YSQ))
FMUX=SQRT(SQMU)

106 ¢

| ox-r2-r1 }e&
110 v

FMUS=FMS(K) e

BB=FIO(12)-F10(11)+SQMU*(Fi12(12)-F12(11))

115

DO-FI3(12)-FI13(11)+SQMUX(FI1(12)-Fil(11))

®

Figure 5. SCAT
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O =

YES

FS=0.375% FMUS*DX*( (F10( 11 )+SQMU*F12(11)*
(!.-HD)+0.5%BB)

RETURN

AA=R2*(F10(11)+SQMU*FI12(11))
~RI*(F10(12)+SQMU*F12(12))
FS=0.375*FMUS/(HD+HD ) *( AAXEST+BB*

(DX+R1*EST)-BB*DX*EST/(HD+HD)

Figure 5 (continued). SCAT

46
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Yrs
PN
T
L [H]
U FQO(12)-FQO(11 ) SQMU*(FQ2(12)-FQ2(11))
HICFQ2(12)-FQ3(11) SQMU*(FQI(12)-FQI{11))
FSi (1. -A1)*(().-HD)*{F10{11)1SQMU*F12(11))10,5*BB)
FS2 -AT*FMUX*(().-HO)*(F13(11)1SQMU*F11{11))+0.5%00)

9
FS O.375*FMUS*(FS)+FS2)*DX

YES

FSU AT*FMUX*( (| .-HD)*FQ3( 11)+SQMU*FQI(11)+0,5%HH)
FS O.375*FMUS*{FS1¢FS2+FS3+FSL)*DX

25 )
l FMUS FMUS*GMP < ] {:)

i FS3 A3*((1.-MD)*(FQO{)1)+SQMU*FQ2({11))+0.5*FF)

1289

¥S 0.

TRDBG TRDBG 69, f=——t

Figure 5 (continued). SCAT
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LvDS ‘(pepn[ouod) g aandr g

(2S3+1S3)»(OH+AH)/SNWIXSLE° 0=54

0t
S3A

(HS3+

£S3+2S53+153 )% (OH+QH) /SN %S LE " 0=5 4

N (TWYILeHH+99% 153 ) XMW IxEV=4S 4

(ZWY3ILledd+153%33 )uEV=£S 4

(TWY31x00+2251S3 )xXNWIxIV-=254

(TWY3I Lx88+LS3xVV ) I1V-"1)=|S4 -
((QH+OH)/X0- 1Y) 1S3+X0=2WY¥3L

Sl

((Z1)103%NWOS+(Z1)EDA ) 1¥=((11)1D3nWDS+( 11)EDS)»28=99
((21)203xnWDS+(Z1 )00 Ja 18~ ( (11 )ZDAwnWDS+( 11)0DS)¥T¥=33

ON

=(NHI
: SIA

((T1) 11 3wnWDSH(Z1)E1 )18 ((11)113unWOS+H(11)ELS)nTY=ID
((Z1)T136NWOS+(T1)013) %18 ((11)Z1 3enWDS+(11)013)sTU=vVY

g W

o i b

ol
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CALLED FROM P
AND STRANS

»1F2 Y2(11)-TG!

e e TR e e p———

HU( 1 ZN)=FREXP( -HD)]

EST=1.-HU( 1ZN)**2 [@

i
’( CALL SCAT)
'

Q-AMAX1(C.,1.-FMUS/H(I1ZN))
NN =NN+I

F2-FS+F2%HU( 1 ZN)**2+Q* NO YES| F2=FS+F2%( 1 -HD-HD)+Q*
Y2(12)-TG2+((TGI-Y2(11))* (C(va(ri)+y2(12))»
HU(1ZN)+TG2+TGI*HU( I1ZN)) 0.5+X6(1ZN))*HD)

§

RETURN

Figure 6. STEP
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AA

Al

A3

BB
CC
cvs

DD
DELTAR

DX

EE
EST

FF
FI0

Vol U1

SCAT

Following the notation of Eq. (30), AA is A’ Ax as
defined there. Private.

This is defined in Eq. (31). It is evaluated in RAD.
JIM Common.

This is defined in Eq. (31). It is evaluated in RAD.
JIM Cc¢ nmon.

This is B- Ax as cefined in Eq. (30). Private.
This is C- Ax as defined in Eq. (30). Private.

This input quantity, the negative intensity abort flag,
is described on p. 87 of this report. Blank Common.

This is D+ Ax 3s defined in Eq. (30). Private.

Used in definition of DX in the plane case only. This
variable in rPf! - rP*, evaluated in HYDRO. Since
r?, the SPUTTER variable C, is used elsewhere in
the radiation routines to define coordinates, it is
recommended that the statement two lines below
statement 100 be deleted and the GO TO 110 three
lines below that be replaced by GO TO 106. This
would give a more consistent, cheaper definition of

DX. Blank Common.

The distance from the initial to the final point of the
current step along the characteristic ray, given in
Egs. (29) and (30), both as A and Ax. Private.

This is E- Ax as defined in Eq. (30). Private.

This is 1 - e"AT, where At is the optical depth of
the current step. Evaluated in STEP and kept to
avoid redundant calculation. JIM Common.

This is F * Ax as defined in Eq. (30). Private

This is the mixture of moment quantities 31, - I,

as defined in Eq. (31). The last character of the
variable is a zero. Although doubly indexed (frequency,
zone) in Eq. (31), it is singly indexed (zone) in the
OUTPUT code. Since the code calculates downward in
frequency, the variables for the next upper (previous)

50
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FI0 (continued)

FI1

Fl2

FI3

FMS

FMU

FMUS

FMUX

Vol 111

frequency are available in FQO, etc. The full set of
Fl0, etc., over frequency is stored on drum or disc,
since there is no longer room in core storage for the
doubly indexed array. PALMER Common.

This is the mixture of moment quantities 31y - 5I3,
as defined in Eq. (31). Used only in Compton
scattering. PALMER Common.

This is the mixture of moment quamitiés 31 - lo.
as defined in Eq. (31). PALMER Common.

This is tl>e mixture of moment quantities 313 - 5I4.
as defined in Eq. (31). FIO, FIi, FI2, and FI3
are all evaluated in RAD. PALMER Common.

This zone array is 1/2 pg, defined in Eq. (5),
evaluated in RAD, using SOLID(37), an input
quantity, for £ . Equivalenced to SMLA in Blank
Common. :

This is a linkage variable that provides information
about the characteristic line. In plane geometry, it
is simply lu|, the absolute value of the cosine of

the angle with respect to the normal. In spherical
geometry, however, it is yz, the square of the impact
parameter, evaluated once each y-line in STRANS.

An approximate average value for u is calculated in
SCAT in this case. In both plane and spherical
geometry, the derived parameter is the absolute
value of the cosine. JIM Common.

This variable, set to FMS(K) early in SCAT, is multi-
plied by GMP before being used in STEP to calculate
an approximate u,/(4, + Bg). The multiplication by
GMP is done only in the case of Compton scattering.
It is not clear that this variable is needed as linkage.
A slight speed gain is achieved at the cost of clarity.
JIM Common.

This is the angular variable p defined beneath

Eq. (1). It is unfortunate that the angular variable

p can be so easily confused with the photon absorption
and scattering coefficients p, and pg, but it appears
to be the cornmon notation and is reflected in this
computer program. Private.
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FQo

FQ1
FQ2
FQ3

FS

FSi

FS2

FS3

FS4

GG
GMP

HD

Vol 111

This is the mixture of moment quantities 3Ig - Ip

and corresponds to the FIO (J + 1, x) used in Eq. (30).
That is, it is the FI0 zone array of the next

higher (previously treaterd) frequency group. For

the first group, these quantities are sc¢t zero in RAD
and are not used in SCAT. It should be noted that the
zero assumption is a particularly poor one as
discussed on p. 82 of this report. The last character
of FQO is a zero, and the array is in PALMER
Common.

The array corresponding to FIi. PALMER Common.
The array corresponding to FI2. PALMER Common.
The array corresponding to FI3. PALMER Common.

This is the scattering intensity, the ''result' of
executing the SCAT routine. It is the right-hand
side of Eq. (29). JIM Common.

The right-hand side of Eq. (29), which gives the
detailed formulation of the scattering intensity,
has four lines. Except for the factor ug/u - 3/16,
FS1 is an intermediate term representing the first
line. Private.

Represents the second line of the same equation.
Private.

Represents the third line of the same equation.
Private.

Represents the fourth line of the same equation.
Private.

This is G + Ax as defined in Eq. (30). Private

This is 1 - 2y, mentioned on p. 82 of this report.
It appears in Eqs. (19) ff. JIM Common.

This is 1/2 xpAx, where Ax is the geometrical
length of the current step along the characteristic
ray, p is the density, and k is the photon coefficient
Kk, + Kg. Thus, HD, evaluated in PTRANS oy
STRANS and used in STEP and SCAT, is one-half
the optical depth of the step. JIM Common.
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HH
HVB

IALPHA

IHNU

IMHAD
I

12

NN

R1

R2

SOLID(36)

sQMU

This is H + Ax as defined in Eq. (30). Private.

This input quantity, the negative scattering intensity
debug print flag, is described on p. 87 of this
report. Blank Common.

The geometry flag (1 = plane, 3 = sphere). Used in
SCAT to obtain FMUX and SQMU, given FMU.
Blank Common.

The frequency group index, used in Compton scat-
tering to branch to simpler coding for the first
frequency group. LINDLY Common.

A divide check abort flag. Private.

The index of the left-hand boundary of the current
step. Evaluated in PTRANS or STRANS, used in
STEP and SCAT. JIM Common.

The corresponding index 5f the right-hand boundary.
JIM Common.

The zone index of the current step, naturally the
lesser of 11 and 12 provided that the characteristic
ray at closest approach always is tangent to a zone
boundary, as it is for the current standard SPUTTER
and the OUTPUT code. Replacing K with IZN

(see STEP) would remove this as a necessary con-

dition, rendering SCAT safely generalizable. Frivate.

This is a thick-thin flag set in STEP to allow SCAT
to execute either Eq. (29) or Eq. (32), whichever
is appropriate. JIM Common.

The x-position of the left side of the step, not the
radial position in spherical geometry. In STRANS,
R1 and R2 are evaluated directly. In PTRANS, R1
and R2 are set to the slab coordinates and then
adjusted for slant angle in SCAT. JIM Common.

The x-position of the right side of the step. JIM
Common.

The Compton switch described on p. 86 of this report.
Blank Common.

uz. where p is given by the variable FMUX. Private.
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S1

TERMZ

TRDBG

XP
XX

YSQ

gsti!)
rmus't)
pstt)

F2

Hp(t)

The SPUTTER error flag. See pp. 88-91 of this
report. Blank Common.

This is an intermediate quantity

'aiA -a. b

ot D 1 -e i
ai a,z
1

appearing four times in Eq. (29). Private

This quantity, equivalenced to ACO3T4 in Blank
Common, is the transport debug print flag. Zero
for normal operation and no print, non-zero for
transport debug print. It is changed in SCAT to
trigger a print and then turned back in PTRANS or
STRANS to forestall more prints, if HVB is set and
a negative intensity is encountered.

This is R1*¥%2, used to find a ¢ in the spherical case.
Private.

This is R2**2, used to find a p in the spherical case.
Private.

This is the square of the impact parameter, used to
find p in the spherical case. Private.

STEP

This is the intensity on the right side of the step,
the "result" of executing the STEP routine. It appears
as Ij(xz) on the left side of Eq. (27). JIM Common.

This is a zone array of Kp=p + Hg equivalenced to
BIGB, evaluated in RAD, and used in the formation
of Q. Blank Common.
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H4

IZN

nt

)
LDF

LRI

NN(“

NN1

TG1

TG2

Vol 111

This is a zone array of c-1’267. where HD

(see SCAT) is 1/2A7. It is formed in STEP if one
is proceeding inward in spherical geometry or
forward in slab geometry and is available in the
reverse case. It is equivalenced to SMLH in Blank
Common.

This is the index of the zone being traversed in the
current step along the characteristic ray. Evaluated
in PTRANS or STRANS, used in STEP. JIM Common.

In subsection 2. 1. 5 of reference 2, the three initial
boundary conditions for Ij_4 (initial value of F2) are
described. For the first two of these, F2 is defined

in PTRANS or STRANS, and for the general case,

F2 is left over from the previous step. However,

for the third case, diffusion, the initial intensity is
given by Eq. (2.19) of reference 2, and this is executed
in STEP. If LDF is 1, the diffusion boundary condition
is applied. If LDF is 2, F2 is assumed to be properly
initialized. LDF, in JIM Common, is evaluated in
PTRANS or STRANS.

This is the left-right index, used to decide whether
to evaluate H4. It is set in STRANS or PTRANS.
JIM Common.

This is NN + 1, set to allow a computed GO TO on
the thick-thinflag. A code reform would increase NN
by 1 in the several places in PTRANS and STRANS
where it is set, and would eliminate the need for a
second variable. Private,.

This is, or should be, ua/(ua + Hg). In the current,
rather crude calculation of this quantity, Q is set
zero in case the value should go negative. Private.

This is the slant source gradient along the charac-
teristic ray, evaluated at the left side of the current
step, Ri. This quantity appears as pj_q (8B/8h)|i_1
in Eq. (2.19) of reference 2. JIM Common.

This is the corresponding quantity evaluated at the
right side, R2. JIM Common.
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X6 This is a zone array of the source B in Eq. (24),
evaluated at the zone center. Calculated in RAD.
Blank Common.

Y2 This is a zone array of the source evaluated at the
zone boundary according to criteria discussed in
subsections 3. 2 and 5. 1. 3 of reference 2 (see also
the model in suhsection 2. 1. 1 of reference 2). Equi-
valenced to X5 in Blank Common, evaluated in RAD,
and adjusted in STRANS if TG (see STRANS) is zero.

STRANS

Variables defined in the STEP or SCAT lists are given first.

).

DELTAR“, IZ(“

EST“) LDF(Z,

FMU(” LRI(Z)

rmust!) nn(t)

rstt) )

() r2{1

e g1 (1)

HD“) TGi(Z)

H4(Z) 'l'GZ(Z)

1aLpua(!) trRpBG!!)

IHNU“) X6(2)

IZN(Z) YZ(Z)

nt

ALPHA The geometry indicator in real form (see I_ALPHA“)
SPUTTER has both real and integer forms for this
variable. Blank Common.

C The ''0ld" space variable, r?. used throughout the
radiation codes. Blank Common,

CNT14 The updated cycle number, evaluated only if a

transport debug print is called. Private.
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CsQD

Ct

DHNU

EPSI
FL

FLX

FM

FM1

FNL

FNU

Vol 111

Evaluated in RAD and used there and in STRANS,
this is a zone array of the square of the coordinate,
C7*2, and is provided to save multiplications within
irequently executed loops. It probably saves
relatively little time and can be considered one of
the more expendable arrays. Equivalenced to CRTC
in Blank Commoaz.

For IAX > 1, there is an interior solid or d.ffusion
region. Even :f this consists of many zones, one€
requires, neverthcless, only a few y-lines. As stated
in subsection 2.2.2 of reference 2, "Ifa diffusion region
having an outer boundary rp, exists inside the traas-
port region, y-lines are placed as ncar as possible

to 0.5 rp, 0.75 rp, and rp penetrating the diffusion
region.'" C1 is set first to 0.5 rp and then to

0.75 rp to provide this placement. Private.

The width, in eV, of the current frequency group.
Set in STRANS and it is probably not used. LINDLY

Common.
Radius of OUTPUT sample tube. Blank Common.

A separate array of the first moment of the intensity,
f{iludu. normalized differently from X2 and used

in the evaluation of the scattering moment quantities.
Equivalenced to SMLB in Blank Common.

An intermediate quantity, 1_+ 1, along the previous
y-line, used in calculating the intensity moments.
Private.

The array of I_ along the current y-line. Four
intensities are required to calculate the moment
quantities for a particular zone boundary and y-band.
One can be used immediately after being calculated;
the others have to be available in zone array storage.
Equivalenced to ER in Blank Common.

The intermediate quantity (IJr + 1_) along the current
y-line minus (1+ + 1 ) along the previous y-line.
Private.

The intermediate quantity (I+ -1 ) along the previous
y-line. Private. i}

The intermediate quantity (I* * ) along the current
y-line. Private.
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FP

FPL
FSM

FSP

FU
FXM

FXP

FXP3

GL

HNU

HNUP

H2

IAX

tvaluated and used in the "'top slice’ section, this
intermediate quantity is I_ + Iy + 17, where I7 is an
interpolated value at the top of the arc. See subsections
2.3.2 and 5.2.5 of reference 2. Private.

This is 2(I + I+) +1 See discussion of FP. Private.

T
The zone array of scattering intensity on the inward
sweep. Stored for display in the debug print. Equiva-

lenced to SMLD in Blank Common.

The corresponding array of scattering intensity for
the outward sweep. Equivalenced to SMLE in Blank
Common.

IT. See discussion of FP. Private.

On the zone boundary, the x of the previous y-line
minus the x on the current y-line. Private.

On the zone boundary, the x of the previous y-line
plus the x on the current y-line. Private.

The cube of FXP, used twice in evaluating the third
moment of the intensity. Private.

If positive, there is a blackbody exterior to the
radiation region. The initial intensity is set accord-
ingly, Blank Common.

The frequency (eV) of the lower limit of the current
frequency group. Setto 10-3 for a grey problem.
LINDLY Common.

The frequency (eV) at the upper limit of the current
frequency group. LINDLY Common.

Depending on SOLID(10), an input quantity, H2 is

a zone array of one-half either the Planck or Rosseland
optical depth. Planck if SOLID(10) is zero; otherwise,
Rosseland. Used to define optical depth in the trans-
port routines. Evaluated in RAD. Egquivalenced to

EC in Blank Common.

Generally used in STRANS to denote the zone or zone-
boundary index. Private.

The left (interior) zone limit of the current transport
subregion, .inside of which may lie a diffusion region,
an interior blackbody, or the centey. Private, but

linked to RAD by the first argument of the subroutine.
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IAXP

IAXP1

IBX

IBXP1

IN

IT

ITUBE

JJ
JJJ

KK

KKK

An index denoting the lower limit of zone boundaries
for which a top-slice calculation is to be made.
Private.

The lower limit of zone boundaries to be treated in
the transport debug print for a given y-line; this is
the maximum of IAX, IAXP-4., Private.

The right (exterior) zone limit of the current trans-
port subregion. Private, but linked to RAD by the
second argument,

This is IBX+1 and is the upper zone-boundary limit
of the current transport subregion. Private.

The right (exterior) zone limit of the whole radiation
region, set in RAD. LINDLY Common.

The left (interior) zone limit of the whole radiation
region, set in RAD. LINDLY Common.

A running index used in setting up y-lines; its
function is probably obsolete. Private.

Index of zone boundary at which OUTPUT sample tube
is affixed. Set to LMDA(26), the input quantity, near
the beginning of STRANS. Used only because sub-

scripted subscripts are illegal in F:RTRAN. Private.

Used as the running index of the top-slice DO loop,
where I is « limit of the loop. Private.

The y-line index. Private.

Set to JJ throughout, its function as distinct from JJ
is to be found in the coding given in reference 2 (since
deleted). It was involved inn a y-line skipping pro-
cedure, now prohibited by scattering considerations.
A code cleanup would remove JJJ. Private.

This is the index for the variable X. Private.

A counter updated from the X array which gives a
"master index'' for a given y-line. Private.

An index for X used in the transport debug print.
Private.
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K.OOOFX

KX
LMDA(26)

NY
10) 4

PR

RHO

SOLID(18)
SUMX3

SUMX4

TEMP(1)

TEMP(2)

e = o e

A dummy argumeat used in CALL DVCHK, analogous
to IMHAD(1). When codes were processed from
FORTRAN II to FORTRAN IV by SIFT, the dummy
variable KOOOFX was invented, where the middle
characters were zeros. By historical accident, the
characters in this variable are letter O's. A code
cleanup would change this to KX. Private.

A dummy argument used in CALL DVCHK. Private.

The input quantity that defines ITUBE. Blank
Common.

The number of y-lines. LINDLY Common.

A zone array storing X for the previous y-line.
Since all the X are available, OX could be dispensed
with if an index analogous to K but for the previous
y-line were defined. Equivalenced to W in Blank
Common.

Aizone;2 array for the second moment of intensity,
f_i Iu”™ du. Used in calculating the scattering moment
quantities. Equivalenced to X7 in Blank Common.

Same meaning as Q(Z). but different storage. Private.

A zone array for the zeroth moment of intensity,
f_1 Idu. Used in calculating the scattering moment
quantities and, in RAD and elsewhere, as radiation
energy density. Blank Common.

The current cycle number. Blank Cecmmon.

A zone array for 1_ along the previous y-line. See
discussion of FM. Equivalenced to CHIC in Blank
Common.

A zone array for I+ along the previous y-line. See
discussion of FM. Equivalenced to BC in Blank
Common.

In SPUTTER, the TEMP array is used by many sub-
routines for scratch storage. Liberal use of it was
made in STRANS, especially for '"top-slice' coding.
(See subsections 2.1.2, 2.3.2, and 5.2.5 of reference 2.)
All the TEMP variables are in Blank Common.
TEMP(1) is used to give half the optical depth of a

top slice, or the full optical depth of one side of it.

This is Ai/Z
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TEMP(5)

TEMP(6)
TEMP(7)

TEMP(9)

TEMP(11)
TEMP(13)

TEMP(15)
TEMP(16)

TG

THICK

TR

XS

XsQ

- 2 -F .
This is rigxp1 - Yj where j is the index of the last
y-line used. Intermediate quantity in calculating
intensity moments in a top-slice calculation.

2 . . ,
x_ of a point on the previous y-line.

2
The corresponding x for the current y-line. Also
used for an entirely different purpose, e-TEMP(2)
in a top-slice calculation. ’

Used as the y-value of the last y-line treated, which
need not be Y(JJ-1), since lines may be skipped.

This is rf - y?, used in calculating FU in a top slice.

A special top-slice source gradient, F, defined in
Eq. (2.13), subsection 2. 1. 2, reference 2.

G defined in Eq. (2.13), subsection 2. 1. 2, reference 2.

In the top-slice thin approximation, this is the last
term of Eq. (2.15), subsection 2. 1. 2, reference 2.

The source gradient, definedin RAD. Itmaybe set zero
depending on conditions discussed in subsection 5. 1.3
of reference 2. See also table II in this report. This
is a zone array equivalenced to V in Blank Common.

"This is the "OUTPUT-output, " in gross outward

flux down a tube of specified radius at specified zone
boundary. LINDLY Common.

A zon% array for the third moment of intensity,
fii In> du. Used in calculating the scattering moment
quantities. Equivalenced to SMLC in Blank Common.

This is an array of all the values of r‘Z‘ - y.2 for all
y-lines set up early in RAD. The X array is evaluated
in RAD, outside the frequency loop, in order to save
taking thousands of square roots within the frequency
loop, say, in STRANS. For each y-line, in addition
to the set of x values, there are stored in the X array
the number of x values and the negative of yz. DAVIS
Common.

In the final tog-slice calculation, this variable is
T'IBXP1+1 - 'IBXP1’ Used to calculate an initial dif-

fusion intensity. Private.

For a given cell boundary, this is x2 for the previous
y-line. Used as anu intermediate quantity in evaluating
moments. Private.
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XTUBE

X2

X8

YSQDP

YSQD1

This is JrlleUBE - EPSIZ, the x-value of the inter-
section of the OUTPUT sample tube with the zone E
boundary at which the tube is affixed. Private.

This is the first moment of the intensity ff-i Ip du,
normalized before exiting STRANS to serve as the
radiation flux for the calculation of heating rates.
Blank Common.

This is a zone array of the slant source gradient,
TG + x/r. Equivalenced to X4 in Blank Common.

This is the array of values of y, the impact parameter,
for y-lines. Equivalenced to BIGA in Blank Common.

a5 g 2 .
This is convenient storage for y of the current y-line.
Private.

2 .
This is convenient storage for y of the previous y-
line. Private.

PTRANS

Variables defined in the STEP, SCAT, or STRANS lists are given

first.

ALPHA
3

DHNU( 3)

FL(3)
vyt
FS“)
rsm'>
rspt?)
FZ(Z)
GL(3)
any?
unup®)

w23 kxooorx'?) tc1(%)

Ha(?) Lpr?) tc2!?)

1(3) LR'I(Z) TR(3)

1arpua‘t) pr(3) trpBG Y

1ax?) ruo'?) x23)

sx3) r1(t) x6(?)

sxp13) r2(t) xs3)

m3) soLip(18)\?) y2'2)

'3 sumx3'?

1zn?) sumxa'?) _

11(1) 51(1)

2t (3 i
62

L =




AFWL-TR-67-131, Vol III

1A

ICX

ICY

IMP1
INM1
JJ

J337
LMDA(37)

NGS
NMU
NY

RR

TEMP(1)

The left-hand (interior) zone index of the SPUTTER
vapor region. Since this may not correspond to the
left limit of the radiation region, IN (defined in RAD)

should be used and not redefined (perhaps erroneously)

in PTRANS. Code revision is needed here. Blank
Common.

The right-hand zone limit of region with source.
Set to IM in RAD, it is retained solely to procrastinate
on cleanup in PTRANS. DAVIS Common.

The left-hand zone limit of region with source. See
ICX. DAVIS Common.

IM+1. See IM(3). Private.

IN-1. See IN(3). Private.

The index of a characteristic line, analogous to the
y-line index JJ(3). Maximum legitimate value is 5.
Private.

JJ+1, used in the transport debug print. Private.

The input quantity specifying the number of charac-
teristic lines to be used (a maximum of 6). Blank
Common.

The index of Gauss weights. See RR. Private.
The index of angles. See RR. Private.

The upper limit to JJ, set to LMDA(37)-1. LINDLY
Common.

The plane transport calculation is a scheme of
evaluating intensities along characteristic lines and
integrating these (forming the moments) by the
""double Gaussian'' method, where special weighting
quantities corresponding to the angular intervals are
stored. A table of avérage angles and corresponding
Gauss weights for 2, 3, 4, 5, and 6 angular intervals
is stored by DATA statement in RR and used in the
finite sum formulation in the code. There are 40
entries. Private.

This is 1/2 px Ax, one-half the slant optical depth,
calculated in the case of no source, an option now
eliminated. See ICX, ICY, and p. 79 of this report.
A code cleanup would delete reference to TEMP(1).
Blank Common.
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RAD

Variables defined in SCAT, STEP, STRANS, or PTRANS are given

first.
1
ar'® raol Bx 3 soLip(36) ")
1
A3( ) FQi(i) ICX(4) S1(1)
C(3) FQZ(“ ICY(4) TG(3)
CNT1(3) FQ3(1) IHNU“) THICK(3)
CSQD(3) GMP“) IM(3) TR(3)
punu'® u?) mvp1 (4 x(3)
rFro{!) unu(® N3 x23)
FIi(i) HNUP(3) INM1(4) X6(2)
rra3t) 3 pr(3) v2(2)
FL(3) IAL'PHA(” RHO(3)
FMS(i) IAX(3) SOLID(18)(3)

A The SPUTTER area term, ar> ', a zone array, used
in calculating the radiation flux at the external boundary
for either diffusion or no vapor. Blank Common.

A1P This is the intermediate quantity hv jz/meCZAvJ- in
Eq. (31). Used in forming A1, Private.

BETA The quantity hv/8, often represented by the variable u.
In this case, hv is the minimum photon energy for the
current frequency group. Private.

BETAP The quantity hv/8, where hv is the maximum photon
energy for the current frequency group. Private.

BLANK3 Used in radiation supercycling. If the time step
calculation in RAD calls for supercycling, BLANK3
is set to the current time plus whatever is allowed
for the supercycle. Blank Common.
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CAPAC

CAPAR

CNTMAX

CPA

CPB

CPC

CcvV

DFB

DHNUP

DTH2

DTR

KPlanck’ evaluated in KAPPA or one of its sub-
routines and used in RAD. CAPAC(150-152) is

reserved for special input quantities. See p. 86
of this report. Blank Common.

lcRosseland' evaluated in KAPPA or one of its sub-
routines and used in RAD. CAPAR(121-150) used

for up to 15 frequencies of "OUTPUT-output" flux
cates and fluxes accumulated over time. This rather
clumsy storage mechanism sets an upper limit of
120 zones and 15 frequencies for problem: run on
the OUTPUT code.

This is the SPUTTER cycle limit and is tested so
that, assuming one wants a multifrequency priat with
the regular SPUTTER print, a print is obtained.for
the last cycle. Blank Common.

This is the Rosseland « with scatterii.g, adjusted for
Compton scattering if appropriate. Used in forming
the optical depth arrays. Private.

This is the Planck k with scattering, used in forming

the H(2) and H2(3) arrays if SOLID(10) is zero.
Private.

This is the Rosseland k with scattering, not adjusted
for Compton scattering. Private.

This is the array of C, specific heat, calculated
elsewhere in SPUTTER and used in RAD to formulate
the stability time step. Blank Common.

The portion of the area of the Planck function,
normalized to 1, occupied by the carrent frequency
group at a given temperature. Private.

The width of the previous (next higher) frequency
group, used in calculating A3(l), Private.

The current SPUTTER time step, set in the TDELT
routine. Blank Common.

The time step that governs RAD. This is usually set
to DTH2 in TDELT, but is set smaller in RAD if
subcycling is called for, such that the SPUTTER
master time step is an integral multiple of DTR.
Blank Common.
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DTRMIN

DTR1

DTR2

1

EC

EDITMF

EK

ELM

EO

ER
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The actual minimum radiation time step calculated
in RAD. This is then used to determine whether
subcycling or supercycling is necessary. Blank
Common.

A "running minimum'' time step, set so that at the
end of the loop, the smallest and the next-to-smallest
time step can be saved. Private.

A ''running second-smallest' time step, corresponding
to DTR1 above. Private. -

The SPUTTER zone array for internal energy per
unit mass, used in the time step energy accuracy
calculation. Blank Common.

This is the heating rate due to conduction, zeroed out
at the end of RAD to avoid later trouble. Blank
Common.

The multifrequency edit flag, equivalenced to S12 in
Blank Common. It should be noted that one sometimes
wishes to get '"'multifrequency" prints when running
grey problems. Some of the intermediate quantities
printed out are of general interest and value in
troubleshooting.

This array is used to accumulate radiation energy
density over frequency, serving the same purpose as
the old variable SUMRHO (see Ref. 2), now deleted.
RHO(3) is set to EK after exit from the frequency loop.
Blank Common.

This is a special array of internal energy in a "'lambda
region' (see Ref. 3). It is used in RAD to form
quickly the total internal energy in the radiation
region for use in the time-step calculation. See

WSB, WSBB. Blank Common.

A special storage for the index of the zone which has
the smallest radiation time step. Used in PRINT.
Blank Common.

The heating rate due to radiation transfer. While the
radiation energy density and radiation pressure are
used elsewhere in the code, and the flux is edited
and viewed with interest, it is safe to say that calcu-
lating ER is the basic purpose of RAD and its sub-
routines. Blank Common.
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FIOSV

FI1SV

FI3SV

GAMMA

GL

GR

HCB
HHTAX

HNUP4

HNUX

HNU4

H3

Temporary storage for FIO while testing whether to
iterate. Unfortunately, the third character is a
letter "O,'" not a zero. Private.

Temporary storage for FI1 while testing whether to
iterate. Private.

Temporary storage for FI3 while testing whether to
iterate. Private.

This SPUTTER array of mass per volume factor is
used in converting energy per unit mass to energy
preparatory to calculating the energy accuracy time
step. Blank Common.

This is the intermediate quantity 7 defined beneath
Eq. (15). Private.

This is the right (exterior) boundary flag, specifying
blackbody exterior if GL = 1/2, vacuum otherwise.
STRANS and PTRANS initialize a blackbody intensity
for any positive value of GL (see GL(3)). There are
historical reasons for the inconsistency, but it is not
justified. Blank Common.

Maximum allowed number of radiation supercycles.
Blank Common.

See p. 87 of this report. Blank Common.

This is 2 Kg Y, used to adjust the absorption coef-
ficient for Compton scattering. See Eq. (33).
Private.

The fourth power of the upper limit of photon energy
for the current frequency group. Perhaps it is not
used in the current version of RAD. Private.

Set to the minimum of HNUP(3) and 105 to avoid

execution of Compton scattering at invalid frequencies.

Used in forming A3(1), Private.

The fourth power of the lower limit of photon energy
for the current frequency group. This, like HNUP4,
may be expendable. Private.

This is 1/2 p kg Ar, where KR is the local Rosseland
mean absorption coefficient adjusted for scattering.
Used only in RAD. The array H2(3) is set to H3 if
SOLID(10) is nonzero. Equivalenced to BR in
Blank Common.
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IA

IB

IBM1

ICXM1

IDMX

IJZILC
IMN1

IMN2

INP1

IQEM

IR
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The left-hand (interior) zone limit to the vapor region.
IN(3) is set to it unconditionally in this version of
RAD. 1IN can take on other values, if the programmer
wishes t5> confine the radiation region to only part of
the vapor (e.g., the part in local thermodynamic
equilibrium), but this would require a small program-
ming change. Blank Common.

The right-hand (exterior) zone boundary limit to the
vapor region. For generality, this should be replaced
by IMP1{4), Blank Common.

This is IB-1, the right-hand (exterior) zone limit to
the vapor region. IM 3) set unconditionally to IBM1
in this version of RAD. Blank Common.

This is ICX(4)-1. evaluated as a separate variable
solely for use as the upper limit of a DO statement.
Private. '

The dimension limit for the X array, currently 4000.
When testing an index against a dimension limit in the
body of a computer program, it is good practice to
have this a variable set at the beginning of the code
to facilitate later changes in the size of the array.
Private.

Purpose unknown. Private.

This is the index of the zone with the smallest
radiation time step. EO is set to IMN1. Private.

This is the index of the zone with the second-smallest
radiation time step. Private.

This is IN+1 defined solely to serve as the lower
limit of a DO loop. Private.

The index of the zone boundary suffering the worst
change in FIO. Used in monitoring the scattering
iteration. Private.

The index of the rightmost (exterior) zone for which
one wishes to calculate radiation. In reference 2, IR is
set and used, but not discussed. In the fireball con-
figuration, it was desired not to do radiation for zones
colder than, say, 0.05 eV. IR was set to the index of
the outermost zone warmer than that. The code is
now in the rather hazardous situation that IR is set to
IM if one does scattering or has a blackbody exterior.
Otherwise, it is not evaluated at all. This should be

repaired. Private.
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J

JDRUM

JDRUMI

JK

KK

KKK

KMAX

KOO0OFX

K1

LMDA(37)

MAXLM

NHNU

NMU

A y-line index while the X(3) array is being formed.
Also used as a zone-boundary index while e11a rging
the transport subregions by five mean free paths on
each side. Private.

The legical unit, either 25 or 26, of the drum being
read for moment quantities. PALMER Common.

The logical unit, either 26 or 25, of the drum on
which moment quantities are being written. Private.

The y-line index advanced while y-lines are being
formed. Private.

A counter, used as other than zero only if more than
4000 entries in the X array are required to place a
y-line every zone. The code will successively try

to place a y-line every (K+1)5t zone until K reaches 10,
at which point the code aborts. Private.

A zone-boundary counter advanced 2s the X array is
formed for a given y-line. Private.

A special index to insert the number of X entries for
the current y-line into the X array. Private.

The multifrequency flag. Zero, grey; nonzero,
multifrequency. This is a standard SPUTTER input
quantity. Blank Common.

This divide check flag has zeros, contrasting with
KOOOFx(3). a genuine holdover from the days of
SIFT. Private.

A counter to skip zones so that a y-line is drawn
every (K+1)% zone. See K above. Private.

Same as LMDA(37)(4), but used in RAD for definition
of external input intensities, a feature deleted from
the OUTPUT code. (See page 81 of this report. )
Reference to LMDA(37) should be removed from RAD.
Blank Common.

The number of lambda regions. Used in calculating
WSB from ELM. Blank Common.

The number of frequency groups, specified in the
OUTPUT code by LMDA(36). See p. 86 of this
report. LINDLY Common.

The number of characteristic rays in plane geometry.
Set to LMDA(37). The FORTRAN statement that does
this should be removed. Private.
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NRAD

NEMLR

NY

QD

QE

QEM

QN

Q1

Q1

Q3

Q31

Q37

Q38

RD

The number of radiation subcycles, set at the end
of the time-step calculation if appropriate. Abort
if NRAD > 50. Blank Common.

Set to 1 at the beginning of RAD, it appears never to

. be used or reset. The statement should be removed.

Blank Common.

The number of y-lines if spherical geometry.
LINDLY Comr..on.

A dummy variable, it is AT (optical depth) in defining
source gradients for forced diffusion and serves as
the normalized "OUTPUT-output" flux. Private.

The denominator in the relative difference expression
for FIO, the iteration test. Private.

The relative difference of FIO, tested against
CAPAC(150). See p. 86 of this report. Private.

The larqest of the QE's . Used along with IQEM to
monitor the iteration. Private.

The numerator in the relative diffierence expression
for FIO, the iteration test. Private.

This is pAr, the formulation of which is geometry-
dependent. Used in forming optical depths. Private.

A zone array of 64, used to avoid calculating 94 within
the frequency loop. Very dispensable if one is tight
for storage. Equivalenced to PB in Blank Common.

Integrated optical depth, a zone array used only in the
section expanding transport subregions by five mean
free paths on each side. See subsection 3.2 of
reference 2 and p. 80 of this report. Equivalenced

to GOFR in Blank Common.

A running integrated optical depth. Quite dispensable.
Private.

Zone array for log 8, used in linear-in-log inter-
polation for multifrequency absorption coefficients in
DIANA. Equivalenced to CAR in Blank Common.

Zone array for -log p, used similarly. Equivalenced
to CHIR in Blank Common.

The SPUTTER array of velocity, used in computing
the radiation work term portion of the heating rate.
Blank Common.
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RDD

SLUG

SMLR

SOLID(10)

SOLID(37)

SUMX2

SUMX3

SUMX4

Sv

TAUX

TAX
TD

TELM(25)

TELM(26)
TELM(27)
TELM(28)
TELM(29)

Used to store radiation energy density calculated on
the previous cycle. Blank Common.

The fraction of the internal energy of a zone allowed
to leak out (or be added; the latter is causing diffi-
culties) of a zone in the time step calculated in the
energy accuracy criterion. An input quantity,
usually set to 0.1. Blank Common.

Radiation pressure, summed over frequency, formed
in RAD, used in HYDRO. Blank Common.

The Plaack-Rosseland switch. Zero, Rosseland;
nonzero, Planck. A standard SPUTTER input
quantity. Blank Common.

See p. 86 of this report. Blank Common.

The sum over frequency groups of XZ(”. X2 is set
to SUMX2 at the end of RAD. Equivalenced to CRTR
in Blank Common.

Same as SUMX3(3), Zeroed in RAD for no good
reason.

Same as SUMX4
reason.

(3). Zeroed in RAD for no good

The specific volume, 1/p, a regular SPUTTER zone
array. Used in forining optical depths. Blank
Common.

See the discussion of SOLID(37) on p. 86 of this
report. TAUX is added to the abscrption coefficient,
so it is zero if SOLID(37) is negative; otherwise it
assumes the value of SOLID(37). Private.

This is 2c4/m c*. See HHTAX. Private.

A variable set in MP2 as a print flag. Used in RAD
to make the multifrequency print coincide with the
regular SPUTTER print. Blank Common.

An input quantity to adjust the time step by a constant
factor. Blank Comim.on.

Set to DTR1. Blank Common.
Set to IMN1. Blank Common.
Set to DTR2. Blank Common.
Set to IMN2. Blank Common.

"
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(3)

TELM(30) The advanced cycle number, making CNT1
redundant. Blank Common.

TEMP(1, 2, 3) Used as intermediate quantities in the time-step
calculation. Blank Common.

TH The SPUTTER variable indicating time. Used in
cvaluating BLANK3. Blank Common.

THETA The zone array of temperature in eV. Blank Common.

THETAK(103)T4 See p. 86 of this report. Blank Common.

THTAMX The highest temperature in the problem, formerly

 used in evaluating IR. Its sole purpose now is to by-
pass the radiation calculation for problems colder
than 0. 05 eV throughout. Private.

TSi Used in calculating X values to indicate the point of
closest approach if negative, or x if positive.
Private.

T4 The scattering moment iteration counter. Compared

with CAPAC(152). See p. 86 of this report. Private.

WSB The total internal energy in the problem, used in the
energy accuracy time-step criterion to ignore zones
whose internal energy is less than 0. 001 WSB.
Private.

WSBB The internal energy of a zone in the energy accuracy
tizne-step calculation. Private.

X3 An array of flags to define the transport and diffusion
subregions. If for a zone X3 is -1, the zone is ina
diffusion region. If X3 = 0., the zone is in a transport
region. Other values of X3 are nonsense. Blank
Common.

X4 Used to denote y'z for each y ~line formed. Later
zeroed and used by equivalence in PTRANS and STRANS.
Blank Commeon.

ZP1(18) Another place for the SPUTTER time step, used in
calculating NRAD and DTR if there is to be radiation
subcycling. Blank Commion.

ZzZ A flag in the scattering moment iteration test. If any
zone requires iteration, the flag is turned on. OCfi:
ZZ =0. On: ZZ =1. Private.
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APPENDIX I

THE OUTPUT CODE AS A MODIFICATION OF SPUTTER

INTRODUCTION AND SUMMARY

The OUTPUT code is a version of SPUTTER (Ref. 3) that is adapted
to a special class of problems. Radiation transfer is especially important
in determining the behavior of such problems, and the OUTPUT code differs
from SPUTTER primarily in its more sophisticated treatment of radiation
transfer and in the deletion of space-consuming portions of SPUTTER that
deal with matter in the solid stzte. It should be borne in mind that the
OUTPUT code is under development and is continually being changed. Any
description of it will therefore ra"pidly lose accuracy of detail, and major
changes made in the near future “irnay go unreported for some time. However,
the present configuration is a cjohvenient one to describe thoroughly. Since
a large fraction of the content of the OUTPUT code has been described in
earlier reports (Refs. 2, 3), much of the material presented in this
appendix pertains to changes made in the older programs. Three areas of
the OUTPUT code are discussed: (1) changes in SPUTTER subroutines,
other than radiation subroutines, (2) changes in the radiation routines,
and (3) progress in treating Compton scattering. Changes now in progress
include input quantities whose use differs from their use in standard

SPUTTER and the abort indicators.
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CHANGES IN SPUTTER SUBROUTINES OTHER THAN
RADIATION SUBROUTINES

Altered Routines

MP2

This routine has been changed to eliminate references to CNDCTN
and the boil codes, which have been deleted. Another change eliminates
division by BLANK1 when it is zero. This change has also been incorporated

in the standard SPUTTER code.
HYDRO

A small section that does '"dummy hydro' (sets C and DELTAR to
their appropriate values, but makes no changes in radii or velocities) has
been added. This section is executed if S4 is negative. The option is very
useful when one wishes to observe the effects of radiation transfer in a
static configuration. Changes to delete references to solid material regions
and permit the use of more accurate radiation pressures available from

the OUTPUT radiation routines are now under development.
EOS

This routine has been changed to incorporate the actual radiation
pressure, rather than an equilibrium diffusion approximation. Reference

to ZPART, an array of 760 words not used by the CUTPUT code, has been
deleted.

ECALC

Changes to eliminate treatment of solids and improve the precision

of the source treatment are under development.
RTAPE

This routine, which picks up the desired configuration from the
SPUTTER dump tape, has been modified to pick up additional data (moment

quantities and, in the future, intensities) and set up the drum storage for them.

14




AFWL-TR-67-131, Vol 1l

WTAPE

This routine does the write operations corresponding to RTAPE.
Also, on initial starts, where there are no data to pick up, the drum storage
is set up and appropriate starting values are written.

KAPPA

A change has been made to catch division by zero before exit. This

may become standard.

KAP6

This routine, which is valuable in test problems, uses the THETAK
array to define the frequency table and a corresponding set of absorption
coefficients (independent of temperature and density) without using a DIANE

tape, Itis not available in the standard SPUTTER code.

\~

KAP12

This routine gives an analytic approximation for the grey absorption
coefficient of uranium as a function of temperature and density. It is not

available in the standard SPUTTER code.

QUES

This source routine deposits energy (evaluates SMLQ) into a predeter-
mined set of contiguous zones, the energy being distributed uniformly over
"mass space.' The rate varies stepwise with time. The RDK array is

used as input for the zone limits, the time cuts, and the energy deposition

rates.

QUE9

This source routine is similar to QUES, except that it allows for
several (up to seven) regions or sets of contiguous zounes, each of which
has its own set of time cuts and energy deposition rates. RDK storage

limits require that no region have more than six distinct time sections.
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QUE10

This source routine is like QUES in that it allows only one region.
But instead of the energy source being distributed uniformly, it is distributed
as some powel of the space variable, the exponent being determined by

values of the energy deposition rate specified at the limits of the region.
DIVCHK

This is a machine-language routine which makes a report each time
a division by zero is made. It is handy to have if one still wishes to abort
the run when such a division occurs; in addition, there is a report precisely
indicating where the division occurred. This routine, which was written
by the Gulf General Atomic systems group, is not generally available or
widely advertised, because it carries with it the hazard of uncontrolled
computer behavior should the routine be overlaid by other coding subse-

quent to a call to it. The OUTPUT code precludes this possibility.
The MAP

All large programs on the UNIVAC-1108 make use of the MAP (Memory
Allocation Processer) to fit their coding into the available storage with
appropriate overlays. The SPUTTER and OUTPUT codes are no exception.
The OUTPUT MAP differs from the SPUTTER MAP as follows:

1. DIVCHK is explicitly represented at the independent level with

no overlay possible. (SPUTTER does not have DIVCHK at all.)
2. RADTN is segmented along with MP2, allowing an overlay with
MP1, rather than being independent.
3. NAMEC (a name common block used only in MP1 and its sub-
routines) is segmented with MP1, so as to allow overlay with
MP2, etc.

4. The overlay of the KAP routines has been deleted because, for

reasons that are not now clear, it does not function properly.

The storage penalty this causes has been minimized.
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5. Several USE cards are provided for those routines bearing the

same name as standard, undeleted SPUTTER routines.

Deleted Routines

The standard SPUTTER subroutines CNDCTN, BOIL, and CBOIL
have been deleted, as have references to them in MP2. NONEQ and some

other subroutines may soon also be deleted.

Dummy Routines

It has been convenient in several instances to write dummy subroutines
with the same name as standard SPUTTER subroutines, since outright
deletion of the latter would require extensive changes elsewhere in the code.
The standard subroutines and the reasons why they are undesirable are
as follows:

1. DRAD, ERAD, QUE4. These refer to a 642-word array not

needed by the OUTPUT code.

2. QUE16, NONEQ. These refer to a 760-word array not used by

the OUTPUT code. NONEQ, furthermore, has nearly 300 words
of private data storage.

3. CMOL, KAP5. Both have considerable private data storage.

CHANGES IN RADIATION ROUTINES

Two substantial changes in program organization have been made in
the past few months. (1) The codes PRAD and SRAD, executed for plane
and spherical geometry, respectively, have been replaced by one code,
RAD. The two codes were over 90 percent the same, line for line, and
considerable duplication had taken place in maintaining them. The necessary
allowances for geometry were incorporated, and the codes were unified.
This change has been made both in the standard SPUTTER and the OUTPUT
codes. (2) In PTRANS and STRANS, the coding to solve the transport

equation was repeated many times and in several forms to allow for different
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configurations. (See the STRANS program listing in reference 2. ) Consid-
erable duplication of effort has resulted because scattering led to consider-
able changes in these codes, other minor changes are made from time to
time, and more sophisticated solutions of the transport equation are being
coded. The advantages of solving the transport equation in only one place
in the code became more apparent. The new subroutine, STEP, solves the
transport equation in general form for one increment along a characteristic
line. Calls to STEP have been incorporated in STRANS and PTRANS. The
data block COMMON/JIM/, originally provided for linkage between the
transport routines and SCAT, has been expanded by six words to accommodate

STEP. The call hierarchy of the radiation routines was formerly as follows:

PRAD SRAD

PTRANS STRANS

SCAT

The new hierarchy, which results in considerable reduction of program

storage and much more understandable codes, is as follows:
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RAD
l l
PTRANS STRANS
l i |
STEP
SCAT

STEP has been added only in the OUTPUT code.
Another change made in both the standard SPUTTER and the OUTPUT

versions of RAD is the elimination of several input parameters. The deleted
parameters are described briefly in table II and in detail in reference 2.
Some of the parameters listed in reference 2 were assigned different
SPUTTER variable names after the reference was issued. The more recent
names are also given in table II. In some cases, the option involving the
parameter has been removed altogether, and for these no "built-in'"' value

is given. Instances where built-in values differ from the suggestions in
reference 2 reflect experience in running problems.

Two rather substantial deletions have been made in the OUTPUT
version of RAD._ (1) ICX and ICY have been eliminated as special indices
indicating sourceless subregions of the radiation region. This eliminates
quite a bit of complicated branching, and the time saved by doing
simpler calculations in sourceless regions, although substantial in some
configurations run on standard SPUTTER, would be insignificant in most

applications of the OUTPUT code. (2) The multifrequency merge procedure
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TABLE II
DELETED VARIABLES

Value
Name Used Recent | suggested in | Built-in
in reference 2 name(s) | reference 2 value Purpose
cB* DELPRT 0 --- | Brightness print (option
deleted)
GA GA 0.33 0.333 | Source, optical depth
gradient criterion (TQG)
GL GA,GR, 0.3 S Source, MFP gradient
(0.333) criterion (y-lines,
option deleted)
CMIN AC 0.3 --(©0) | Minimum depth for TG
criterion (option deleted)
ACO3T4 TA 0.1 0.04 Half-optical depth for
: thick-thin transition
S15 S15 1 - Restart on grey calcu-
lation, not needed =ith
current DIANA
TELM(37) TELM(37) 0.005 0.001 | Fraction of total energy
in zone for time-step
criteria
CVB CVB 0 0.5 Select y-lines
HVB - HVB 5 5 Buffer of transport
region in nuimber of mean
free paths
HCB HCB 0.1 0.1 Diffusion criterion
Not mentioned BOILB = -- 50 Subcycle limit
NTIMES

%
CB is currently used in standard SPUTTER as a multifrequency merge
criterion, replacing the constant 10.0 in reference 2. The OUTPUT code

has no frequency merging.
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has been taken out. Although it may save time in some applications, no
provision for merging has been made in the scattering coding. The variable
CB, of course, is now not used in the OUTPUT code. Another, less signi-
ficant feature deleted in the OUTPUT code is the provision for external
nonthermal radiation intensities as an energy source in plane geometry.

A major addition to RAD is the calculation of the moment quantities,
used as scattering source terms in the SCAT routine, first reported in
reference 7. An iteration procedure to obtain better values of the moment
quantities at cycle (n + 1) (the scattering equation is implicit in this respect),
described in section 1 has been incorporated. The FQO, FQ1, FQ2, and FQ3
arrays should not be updated inside the iteration loop, since they are the
moment quantities for the previous frequency. This error would cause
trouble only in Compton scattering. The updating has been moved outside
the iteration loop, and the scheme now works well for both Thomson and
Compton scattering. The choice of three words at the end of the CAPAC
array as input parameters to control the iteration has been retained.

These are described in "Input Quantities" of this appendix. However, the
size of the array is the standard SPUTTER value of 152.
The X array, the setof all values xij =\/ri2 - yjz, is calculated early

in RAD to avoid taking many square roots within the frequency loop. In ref-

erence 2, this array was given 2400 words of essentially private data storage.

(This would allow 66 zones if a y-line were drawn at each boundary.) In

the standard SPUTTER version of RAD, the X array is stored in 1064 words
of SPUTTER Blank Common, allowing for 41 zones with y-line every zone.
Since OUTPUT calculations will have many zones as a result of complex
configurations, and since accuracy in the scattering calculation requires

a y-line at every boundary, the private storage has been reinstated in the

OUTPUT code; this storage is 4000 words, allowing for 86 zones. The
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scratch area in SPUTTER Blank Common made available by this change has
been taken up by intermediate moment quantities and scattering parameters.
Three variables used in the Compton scattering calculation are depen-

dent only on frequency and not on position:

1/2(hv_ + hvi{_)T

2
m c
e

t. GMP =1 - 2y , where y =

hv2

2. Al = 5 ~ + 3y
mec (hv+ = hv_)

hvi
3% A3)=

2
m ¢ (hv++ - hv+)

Although evaluated in SCAT, they should be calculated only once per fre-

quency in ord=r to save time. This is done in RAD.

PROGRESS IN TREATING COMPTON SCATTERING

Satisfactory results have been obtained for a test problem with spherical
geometry analogous to the test problem with plane geometry described in
appendix IV. However, some interesting difficulties arose, which have not
yet been resolved. At high frequency, for sufficiently large negative dI/dv,
where I may te intensity or some moment quantity (these usually vary
similarly with v), the code will calculate a negative scattering intensity.

At present, the code sets the nejative intensity to zero and goes on. (There
are input parameters to trigger a debug print or abort, or both.) . The large
negative dI/dv, with the concomitant negative intensities, has appeared in
two different situations.

First, in the calculation of the highest-frequency group, the starting
value for Ix(vj) is zero. This results in the appearance of negative intensities,

but at least some sort of radiation field description is achieved. Two schemes
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have been proposed for improving the formulation of Ix(vj). The better one

will soon be chosen and incorporated in the code. However, this case of the

first frequency is a rather artificial way of arriving at large negative dl/dv.
The other situation arose when an attempt wac made to refine the

frequency interval. The result was, for one frequency group, a bistable

oscillation in the iteration procedure for obtaining updated moment quantities.

It is believed that it arose in the following manner. First, given zero
starting values for the moment quantities, the code had a positive dI/dv and
calculated scattering intensities, generating moment quantities appropriate
for that frequency. Then the code noted that an iteration was necessary and
set the "old" moment quantities to the '"new'' ones. (See '"Input Quantities"
in this appendix. CAPAC(151) was 0.) It proceeded to do Compton scii -
tering, found large negative dI/dv, calculated negative intensities, set
them to zero, generated zero moment quantities as a result, iterated again,
and at the third pass was right where it started. While this may not be an
exact description of what happened, it is probably close enough to indicate
the trouble unambiguously. The "extrapolation switch' described in
section II of this volume (CAPAC(151) in the code) could easily be used as
an interpolation switch by assigning to it a value between 0 and -1. Inter-
polation is suggested by the fact that the first ""crack' at a solution, result-
ing in large negative dI/dv, may have been an overshoot. This idea was
tried out with CAPAC(151) = -0. 5 and proved successful. There was no
convergence difficulty in areas of negative dI/dv. However, at lower fre-
quencies the convergence, while monotonic, was discouragingly slow. This
suggests a possible frequency-dependent extrapolation switch.

In summary, Compton scattering in the OUTPUT code is at present
a laboratc: v curiosity. It appears to work well, if not reliably, in an
interesting i2st problem. (It takes about three times as long to calculate
as Thomson scattering.) However, this tentative state should change

shortly as experience is acquired in using Compton scattering in production
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problems. It should be emphasized that Thomson scattering has been used
for over six months to calculate complex problems, and a number of
shortcomings, which appear only in unforeseeable configurations, have

been found and overcome.

CHANGES IN PROGRESS

Several areas of current code development relevant to the OUTPUT
code are not discussed in detail in this report. These include improvements
in the nonequilibrium radiation diffusion code DRAD, incorporation of
Compton scattering in DRAD, changes in the eriergy bookkeeping (routines
ECHK and PRINT), and modifications to provide iree drum input-output.
Three other changes in the program are as follows:

1. Improved source interpolation in spherical geometry. The current
code follows the original STRANS (Ref. 2) logic of step-or-linear
interpolation of the source, with a linear-quadratic fit across the
"top slice.'" This is being replaced with a lineax’-in-r2 interpola-
tion scheme developed by J. R. Triplett (Ref. 3). The option
of a piecewise constant source, as described in reference 2, is
retained. Each '"'step'' along a y-line is divided into two intervals
equal in rz to conform with the new interpolation scheme. Although
this change has been essentially completely checked out, it is not
included in this report.

2. The Sampson approximation of the average absorption coefficient,
where £ = (b + KR)/(b + xp) . Kp and b varies as the integrated
optical depth, appears to be a desirable first step toward a more
sophisticated transmission function treatment than the one now
being used.

3. Saving intensities. Future code development in several areas,
e.g., retardation, more accurate calculation of moment quantities,

and improved Compton scattering recipes, will require the storage
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of the entire set of intensities calculated at cell-ray intersections.

This change also was comp'eted too late for inclusion in the

present report.

For each frequency, given that the ''x'' storage (x.lj = rf - y§) for

all values on one side of the plane of symmetry is 4000 words, the' intensity
store will require 8000 words of random access storage, plus 8000 times
an upper limit to the number of frequencies for drum storage. This require-
ment can be met, but not economically on the UNIVAC-1108. (The UNIVAC-
1108 has the odd feature of a 3/8-usec fetch from opposite bank versus a
3/4-psec fetch from same bank, so that it pays to put coding and data in
opposite halves of the ""almost-random access' fast storage.) The speed
penalty can probably be minimized so as to be negligible on long, expensive
problems by an adroit choice of what data are to be kept in the wrong half
of the store. Other problems are definition of the appropriate set of inten-

sities for a cell boundary treated by diffusion and definition of intensities

for y-lines where a specific calculation is not made. At present, the OUTPUT

code sets up a y-line at every zone boundary and calculates intensities along
all of these. However, one might wish to run a problem with more than
86 zones, the maximum possible for less than 8000 intensities, or one

might wish to skip y-lines to save time.

FORTRAN LISTINGS

Appendix III contains FORTRAN listings for the principal subroutires
of the OUTPUT code: RAD, PTRANS, STRANS, STEP, SCAT, QUES,
QUE9, QUE10, HYDRO, RTAPE, WTAPE, and the MAP. For brevity,
SPUTTER blank common, which is used in all the subroutines, is listed
only in RAD. The equivalence table used in RAD, PTRANS, STRANS,
and STEP is also listed only in RAD.

85




AFWL-TR-67-131, Vol III

INPUT QUANTITIES

The input quantities listed below are (1) parameters used in the
Compton and Thomson scattering treatment, (2) special parameters for the
"OUTPUT -output, "' a special edit, and (3) various quantities used by the

nonstandard source and opacity routines.

THETAK(103) Required input. Sets value of HNUP. Compton
scattering does not allow large values of HNUP.
There is no safety coding, such as ''if zero, set to
10~." It must be entered.

SOLID(36) Compton switch. If zero, Compton scattering is
calculated; if nonzero, Thomson scattering.

SOLID(37) Scattering coefficient. If negative, it is not added
to the absorption coefficient from the DIANE tape,
but the absolute value is used as the scattering
coefficient. If positive, K(DIANE) is assumed to be
k. only, and /cs = SOLID(37) is added.

SOLID(37) = 0 would provide a very inefficient 'no
scattering'' calculation.

LMDA(36) Required input for NHNU. The subroutines WTAPE
and RTAPE, which set up the drum storage for the
scattering source terms and process these on a non-
standard SPUTTER dump tape, must know the value
of NHNU before the DIANE tape is read. Using the
dimension limit of 20 would avoid this, but would lead
to inefficiencies. (MUST BE LOADED IN FIRST SET

OF CARDS.)

CAPAC(150) Scattering iteration convergence coefficient, usually
0.05.

CAPAC(151) Scattering iteration extrapolation parameter, usually
0.5.

CAPAC(152) Scattering iteration recycle limit. Zero, no iteration.
Maximum allowed value is 8. Usual value is 4.

EPSI Radius of OUTPUT sample tube.

LMDA{26) Index of zone boundary at which OUTPUT sample

tube is affixed.
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CvVB

HVB

HCB

RDK

THETAK

If CVB is zero, negative scattering intensities are
set to zero and the problem continues. If CVB is
nonzero and a negative scattering intensity arises,
the code calls UNCLE.

If HVB is zero, negative scattering intensities go
unreported. If HVB is nonzero and a negative
scattering intensity arises, a brief data report is
given, and a y-line print is triggered.

The normal SPUTTER RAD meaning applies here.
Negative forces diffusion; positive forces transport;
zero lets the code decide.

This array is used in standard SPUTTER to provide
input for the various source routines, and the
OUTPUT code does the same.

QUES8: Energy is supplied uniformly in mass space
within a defined region (i.e., all zones within the
region receive a constant ergs/sec/gm) at a rate that
varies stepwise with time. RDK(1) is the index of
the first cone in the region; RDK(2) is the index of
the last zone in the region. Up to 50 time cuts can
be specified in RDK(3) - RDK(52). The 49 rates for
the corre sponding periods (in ergs/sec for the whole
region) are given in RDK(54) - RDK(102). Energy
source rate for t > RDK(52) is zero.

QUE9: This routine is similar to QUE8, except that
the fine time definition is sacrificed for some spatial
definition. Up to six different contiguous regions can
be defined (seven bounding zone indices provided).
Each has a separate set of up to rix source rates and
time cu*s. Detailed input specification appears in the
FORTRAN listing.

QUE10: Energy is supplied as g™~ in mass space,
where g is a mass space coordinate and x is an
exponent determined by the average energy rate and

by the rate specified at the right boundary. The two
rates are specified for each given period. Ten periods
are allowed. Time cuts are given by RDK(3) - RDK(13),
the average rates by RDK(54) - RDK(63), and the
boundary rates by RDK(44) - RDK(53j.

This array is used as input to KAP6/JP. If one
wishes to run a multifrequency problem without using
a DIANE tape, one must specify the number of fre-
quency groups and the boundaries, in eV, of the desired
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frequency groups. KAP6 specifies these and also a
constant absorption coefficient, independent of density
and temperature, for each frequency group. Up to
20 frequency groups are allowed. THETAK(61) -
THETAK(80) gives the lower boundary frequencies.
THETAK(81) - THETAK(400) gives the absorption
coefficients. THETAK(101) gives the number of
frequency groups; THETAK(102) gives the grey
absorption coefficient; and THETAK(103) gives the
upper boundary frequency of the top group, as indi-
cated on p. 86 of this report.

S41 FLAGS IN THE RADIATION ROUTINES

The SPUTTER code follows the practice of setting the variable Si to
some value and calling UNCLE in case of serious trouble. The integer
portion of the S flag indicates the subroutine, and the four digits after the
decimal point indicate the FORTRAN statement number. The S1 flags for

the padiation routines in the OUTPUT code are listed and commented on below.

RAD

S1 Fla Immediate Cause Probable Remote Causes and Comments
o1 riag :

13.0102 Zero or negative CAPAC An opacity of interest has not been eval-
or CAPAR (grey) uated. This usually happens with
untested KAP routines.

13.0112 Small At causes more Can be caused on first cycle by improp-
than 50 radiation erly set TELM(25) or SLUG, or any
subcycles time by actual pathologies in CV, THETA,

SV, or opacity, or simply by failure to
start the problem with a small enough
time step.

13.0450 Divide check Division by zero. See the preceding
: " DIVCHK diagnostic pritt for locations
of divide instruction and divisor.

13.0119 K> !0 At least 10 attempts have been made to
space y-lines so that x-storage is not
overtaxed, and these have failed. A
code change is necessary, or the prob-
lem must be rerun with fewer zones.
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Si Flag
13.0452

13.0460

13.0530

13.0652

13.0654

13.0692
13.0720

13.0962
13.0982

13.1070

14.0100
14.0120

14.0160
14.0350

14.0360

Immediate Cause

Divide check
Negative INM1

Zero or negative CAPAC
or CAPAR
(multifrequency)

Zero or negative optical

depth

GL >0.9, HCB <0

Divide check
Positive X3

IALPHA = 2

IR < IM

Divide check

NP

Probable Remote Causes and Comments

Same as 13.0150.

Absurd. Indicates a radiation zone with
zero or negative index.

See 13.0102

Something has gone wrong with the
definition of H3 in the preceding lines
of code.

An attempt is being made to force diffu-
sion and provide external source inten-
‘sities, two incompatible problem
specifications.

Same as 13.0150.

Absurd. Code sets X3 either zero or
negative as a diffusion flag.

A transport calculation in cylindrical
geome:ry is being attempted.

Absurd in present code. IR set to IM

earlier.

Same as 13.0150.

PTRANS

Divide check
IALPHA > 1

INM1 negative
GL >0, GL #£0.5

IBX > IM

Same as 13.0450

Somehow PTRANS called for nonplane
geometry. Absurd.

See 13.0460.

The external source intensity option
has been deleted. GL therefore has a
meaningless value.

Absurd. A portion of the transport
region szems to be outside the radia-
tion region.
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S1 Flag Immediate Cause
14,0004 Divide check
14,0005 IALPHA #£ 3

14.0011 IBX > IM

14.0087 y-line index
out of range

14.0452 Divide check
14.C174 IBX > IM
14.0207 X(K) =0.0

STRANS

Probable Remote Causes and Commenrnts

Same as 13.0150.

Somehow STRANS called for nonspherical
geometry. Absurd.

See PTRANS 14.0360.

The most likely cause for this stop is
scrambled radii.

Same as 13.0150.
See PTRANS 14.0360.

This is an absurd stop. Any occurrence
of it in che OUTPUT code would have to
be carefully examined for the cause.

STEP

No S1 interrupts appear in the program.

75.001 Divide check
75.008 FS <0, CVB#£0

75.0009 Divide check in SCAT

15.0500 Bad QLM (J + 17)

15.08410 Divide check

SCAT

Same as 13.0150.

Negative scattering intensity with abort
flag set. If HVB also # 0, a diagnostic
print is given.

Same as 13.0150.

KAPPA

90

Improper optical property specification
resulting in an attempt to call a non-
existent KAP routine.

Same as 13.0150.
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KAP6
St Flag Immediate Cause Probable Remote Causes and Comments

No S1 interrupts appear in this program.

KAP12

No S1 interrupts appcar in this program.
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APPENDIX II
DESCRIPTION OF INPUT FOR A SAMPLE PROBIL.EM

The debug test problem described in this appendix was run on the
UNIVAC-1108 about September 15, 1967, and on the CDU 6600 at the Air
Force Weapons Laboratory, Kirtland AFB, New Mexico, on September 22.
The two runs matched within expected roundoff differences. The calculation
was a multifrequency transport calculation with Compton scattering, using
dummy hydrodynamics and the KAP6 opacity routine.

The problem consisted of a sphere with a radius of 10 cm, which
contained 10 zones, with a temperature of 8 keV, and was surrounded by
a shell with a thickness of 10 cm, which contained 20 zones, at a tem-

perature of 600 eV. The density was taken as one in all zones, and the

Rosseland opacity as 0.2 cmzlg in all groups.
The input deck consists of SPUTTER Common input cards only, except

for an initial header card which contains arbitrary identifying information in
Columns 1-72. These Common input cards have the following format:
Col. 1: 1 denotes the last card of the deck and must appear on

that card. 2 specifies that the data on the card will
be converted to fixed point and appear as INTEGER
variables in Common.
Blank (or 1) specifies that the data on the card will

appear as REAL variables (floating-decimal form)
in Common.

Cols. 2-6: Location relative to start of Blank Common in which the
first data word on the card is to be stored.

Col. 7: Number of data fields on the card (maximum 7).

gl
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Cols. 8-70: Up to seven data fields, of nine columns each, contain

Cols. 71-80: Card identification information.

The test problem input deck is shown in table III. Eachcard, identified
by its initial location number, is discussed below. Data fields containing 0.

can, of course, be omitted, but are included in several cases for expository

reasons.

68:

19:

36:

40:

53:

65:

numerical data to be read under the format OP7E9. 4.
Blank fields generate zeros (unless they are excluded

by the field number in Col. 7).

FREQ gives the number of cycles between prints. CNTMAX, { =
in 69, gives the cycle number at which the problem is to be :

terminated.

Zone-boundary indices for the 'lambda'' regions (which are
usually regions of different materials). For one lambda
region of 30 zones, the two limits, 1 and 31, are given.

LMDA(19) is a flag which, if >0, will trigger a complete
print of Blank Common as if there were an error exit, even
if the problem terminates normally. Since the extra infor-
mation is often useful, setting LMDA(19) to 1 has become
standard practice.

LMDA(36) is a special quantity specifying the number of
frequencies. This is discussed further on p. 86 of this
report. In the present case, there were 20 frequencies.

Several numbers are given on this card: the SPUTTER |
variables IA, IB, ICA, ICB, and KMAX, respectively. The |
nonzero value of KMAX dictates multifrequency. The other -
numbers, index limits, are required by the special XCARDS ' )
as a substitute for normal SPUTTER problem generation. f

i

1

IG is another quantity needed by XCARDS. This is the
extreme upper-limit index to the problem. When one
remembers that SPUTTER has indices for upper limit to
vapor, upper limit to solid, upper limit to radiation regions,
upper limit to non-LTE region, etc., the significance of

the term ''extreme upper limit'" becomes clear; and IG

does serve a purpose.

TMAX is the problem time at which the problem is terruinated.
An absurdly large value is set here, since one wishes to
limit the run by cycle count instead.

93
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77

79:
81:

83:
90:

93:
100:
1073
109:

115:

T

127:

137:

138:

CVB, described on p. 87 of this volume, is set zero in this
case because one knows that negative scattering intensities
will arise in the first frequency group, and one wishes to
ignore them.

This quantity, SLUG, is described on p. 71 of this report.
Its normal value, 0.1, appears here.

ALPHA (see p. 17 of this report). Set 3. for spherical
geometry.

HVB (see p. 87 of this report). Set zero to bypass debug
print.

HCB (see p. 87 of this report). Set zero to let code decide.

GL (see pp. 58 and 67 of this report). Set zero to provide
exterior vacuum.

RHOR. Special flag for air equation of state. Set big by
habii. Not needed for this problem.

RPIA. I zero, radiation tersr. x are added in the equation-
of-state calculation. Normally set zero.

TC ‘s the time before which DTMAX1 applies, and after
which DTMAX2 applies.

TE is the time before which DTMAXZ2 applies, and after
whi:ch DTMAX 3 applies.

The time step is usually controlled by physical consid-
erations (e. g., hydro or radiation time-step cortrols).
However, if the user feels that these might be too generous
in some cases, he may specify an upper limit to the time
step, one for each of three specified time intervals, namely,
DTMAX{, DTMAX2, DTMAX3. Some number must be
specified for these. In this problem, it was desired that

a quasi-steady-state radiation field be established in a time
short compared with cooling times. Since retardation is

not included here, an arbitrarily small time step is indicated,
and one was chosen.

TRDBG, otherwise known as AC03T4, described on p. 54
of this report. Set zero to avoid debug print.

S2 is the raziation flag, tested in MP2 and in the switching
routine RADTN. A value of 2 means that RAD is to be
called. Zero bypasses radiation altogather.

S3. Set nonzero to bypass conduction. Since the appropriate
subroutine has been deleted from the OUTPUT code, this
input quantity is unnecessary.
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139: S4. Its original meaning, "don't call BOIL, " has, with
the deletion of BOIL, been changed to allow for ''dummy I
hydro'" or no motion if set negative. This was desired ‘
for this test problem.

140: S5. Used to indicate the logical unit of the SPUTTER dump
tape. The value 10 is a typical one.

147: EDITMF, otherwise known as S12. Described on p. 66 of
this report. Set to 1 to deliver the multifrequency edit.

151: S16. This is a flag that tells MP1 (the generator-setup-
rezone section of SPUTTER) whether the problem is an
"initial" or cold start or a ''restart.' Zero, the former;
one, the latter. This problem is an '"initial' start, where
all parameters must be supplied by the user and a zero-
cycle dump prepared. Hence the value zero.

160-188: R (radii) for the 31 zone boundaries.
2621-2049: SV (inverse densities) for the 30 zones.
2325-2353: THETA (temperatures in eV) for the 30 zones.
7338: These are the three parameters controlling iteration on the

moment quantities. They are described on p. 86 of this
volume and are also discussed on p. 83. It is stated on
p. 83 that CAPAC(151) = 0. did not work, whereas
CAPAC(151) = -0.5 worked well. CAPAC(151) = -0.2,
which was used in this problem, proved even better.

8405: OKLM(1). This equation-of-state flag results in a call to
EIONMS5 for hydro,=n. A suitable dummy material.
8681: The value 206. r::u'ts in a call to KAP6, a special OUTPUT |
opacity subroutine described in Appendix A. - r
9405: MAXLM is the number of ""lambda'' regions in this '
- configuration.
9332-9346: THETAK(61-80) is used by KAP6 to define the frequency groups.
9352-9366: THETAK(81-100) is used by KAP6 to define the opacities.
9372: THETAK(101-103) is used for KAP6 to define NHNU, the grey i
opacity, and the top frequency limit. :-
8466: TELM(25) (defired on p. 71 of this report). Set to 0.5 as

a holdover from another problem. Not needed as long as
the time step is held down by DTMAX1, 2, 3.

8858: SOLID(10) (defined on p. 71 of this report). Set nonzero
for Rosseland opacities. Superfluous when KAP6 is used, e
as in this case. i )
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8884: SOLID(36) (defined on p. 86 of this report). Set zero for
Compton scattering.

8885: SOLID(37) (defined on p. 86 of this report). The peculiar
value of -0. 1999 is given so that ¥ > € in all cases.

8882: SOLID(34), the starting cycle number. The 1 in Col. 1
indicates that input is complete. Contrary to normal
SPUTTER generation, this style of problem specification
has only one set of input cards.

A second test calculation has been carried out to test the sensitivity

of the results to the parameter S4. The problem was as follows:

Region 1 0<r<15cm
p = 1.
,=8-,433 r keV

Ar = 1.cm

Region 2 15< r< 150 cm

= 31/r3
6 =600 eV
g = 10 (i. e., total mass of each zone is 4/3 7 x 10 g)

The Rosseland optical depth of Region 2 was 0. 7. Three values of 5S4 were
tried: 0.33, 0.5, and 1. The first of these effectively forces use of motion
equation differencing based on Eq. (64) even in the diffusion limit. The
singularity at r = 0, represented by the last term in Eq. (64), causes the
velocity to diverge near the center, as shown in figure 7 for time

2, 36 x 10-9 sec. The use of an S4 value higher than 1/3 allows the use

of Eq. (63) in the central region, and more reasonable results are obtained.
No significant difference between the results for S4 = 0.5 and 1.0 at low
radii or between any of the results for r > 4 cm was noted. A calculation
with a very small core radius would presumably indicate that the value

0. 5 is superior, but additional work is required before this point can be

established.
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Figure 7. Dependence of Radial Velocity on Parameter S4
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APPENDIX III

LISTING OF OUTPUT CODE ROUTINES

i SUBROUTINE QUES

'

WIT FOR QULG/OUT» QUEA/GUT» SUEA/OUTL

C SPECIAL SOURCE FOR J. PALMER
C RDK(1)= LEFT ZONE BQUNULARY
C RDK(2)= RIGHT ZOWE BOUrIDARY
c RUK(3=52)= TIMES FOR GIVEN &DOY
C ROK (53=104)= EUUTS FOR GIVEW TIMES
C‘t‘.##‘##O#.#.#f#t###‘#v‘##0.t#####‘t##"###t####tt"#t#t#'####’#‘#####KAP2007O
C *KAP20080
Cx SPUTIiER COMMON *4KAP20090
C, *sKAP20100
C» *xKAP20110
COMMON LMDA(37)» NR ¢ NSML.R » IA v 1B v ICA v ICB 1KAP20120
1 KMAX o BLAMNKLe BLANK2, SL%K3» 1APY o IBP1 o+ ICAP1 , ICBP1 'KAP20130
2 11 v 16 e NRAU o BLANK&y IAM1 » IBM1 , ICAM1 , ICBM1 ,KAP20140
3 11PY o+ 1GM1 » TALPHAe BLANKS» TH e TMAX » BLANKG» DELPRTKAP20150
4 FREQ@ o+ CNTMAX, AR o ASMLR » PUSHA o+ PUSHB ¢ BOILA , BOILB »KAP20160
-] CVA v CVB » SLUG o ALPHA » HVA » HVB » HCA ¢ HCB 'KAP20170
! -] EMINA o EMING o CA v CB v GA v GB v GL » GR ' KAP20180
7 RHOL o+ RHOR o EPIO o EPSI o RIA ¢+ RIB » RDIA » RDIB (KAP20190
) RPIA ¢ RPIB » RPUIA o RPDIB » TPRINT,» TA v TB v TC KAP20200
COMMON T0 v TE e DTH2 o+ DTH2P » DTHY o+ DTRMIN, DTMAX ,KAP20210
b DTMAX1l, DTMAX2s» DTMAX3» DTR » SWITCHs CO » CMIN » DELTA oKAP20220
é GAMA o WCRIT o SIGMAQe AC . » ACO3T4y CNVRT » SUMRA , SUMRB ,KAP20230
3 ROEA o+ ROIAM1, KOIY o ROIBPl» GMS » S1 v S2 v S3 'KAP20240
4 S4 v S5 » S6 v 7 v S8 v S9 v S10 v S11 'KAP20250
$ S12 v S13 v S14 v 515 v S16 v S17 v S18 » S19 1KAP20260
6 S2u v EO » FO v TAU » 2ZERO o+ R (152) . DELTAR(152),KAP20270
T ASG (152)¢ RD (152), VD (152) RDD (152)¢ SMLR (152),KAP20280
8 OELR ( 37)e P (1%2)» P} (152)¢ PB (152), PB1 (152) KAP20290
2 d COMMON P2 (152) SV (152)¢ RHO (152)» THETA (152),KAP20300
. 1 W (152), E (152), EI (152)r EK (152)» A (152) ¢ KAP20310
a v (152)¢ G (152)0 D (152)r C (152)e X2 (152) 1 KAP20320
3 X3 (152) x4 (192)» XS5 (152) ¢ X6 (152)r X7 (152),KAP20330
4 SMLA (152)s SML3 (152)r SMLC (152)¢ SMLD 152)» SMLE (152) yKAP20349
5 EC (1%2)r ER (152)r SMLG (152)¢ SMLH (152)¢ BIGA (152):KAP20350
® Bl6y (152). CV (152) BC (152) BR (152)s CHIC (152),KAP20360
7 CHIR (152)s CAPAC (152)» CAPAR (152)» CRTC (152)¢ CRTR (152),KAP20370
8 CRTPC (152)¢ GOFR (152)¢ FEW (152)¢ CAR (152)s OKLM ( 37) KAP20380
- COMMON TELM ¢ 37)r EKLM ( 37)¢ ELM ( 37)e FCLM ( 37),KAP20390
1 FRLM ( 37)¢ WLM ( 37)» QLM ( 37)¢ AMASNO( 37), CHRNO ( 37),KAP20400
2 ZP) ( 37)» P2 ( 37)r SOLID ¢ 37)e ECHCK ( 37)» RK (104) »KAP20410
3 RL { 37)¢ RHOK (104)» RODK (104) THETAK(104)» TEMP (- 16),KAP20420
4 HEAD ( 12)» MAXL ¢ MAXLM KAP20430
(d KAP20440
C, »+KAP20450

10

$1374.0010
CALL UNCLE
ILSRUK (1)
IR=ROK (2)
SUME=U.

00 30 I=ILeIR

CHresRRtR RS RERERER AR SRS KR RNURERRRES
ODATA FIRST/0./

IF(FIRST) 40,10040
1F (RDR41)* RDK(2)

«6Te 0.1) GO TO 20

100

shaaka kR abshnnstn ek xxkixexKAP20460
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30 SUMGSSUMGHGLL)
40 DU 50 1=1,192
50 SMLG(I)=0, g

T2= TH + DTHZ

IF(T2 LT, RUK(3)) GO TO0 1000

DO 60 J=4,52

IF(RDK (W) «GTe

T2) 60 TO 70

IF(RDK(J) «EGs Ue) GO TO 1000

60 CONTINUE
70 J= J-=)

SOLID (B) SRUK(J+
IF(RDK(J) oLE.
TEMP (1) =(RUK{J)
soLIpte)= TEMPLL)
80 CHVRT= CNVRT + SO

TH) 60 TO 80
‘TH)tHDK(J+“9)+RDK(J+50)#(T2'RDK(J))

LID(B)*DTHZ

TEMP(L) = SOLIDL(E) »* $23873241 / SUMG

00 90 a=ILvIR

9y SMLA(L) = TEMP(1) « ell)

-,000 FIRST= 1.
RETURN
END

101
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81 FOR QUE9/JPJdr QUEI/JPBr QUEY/UPL

SUBRUUTINE QUEY .
Cot bttt dddd g bR SRR RN RER AR SR AR AR AT EARAR AR RARRRA LR ARRERARRRRASRRR

*

Cs SPUTTERK COMMON L T
Cs . 0
Ca 1 7
COMMON LMUAL3I7) s NR » NSMLR » IA v IB v ICA » ICB ’
1 KMAX o BLAINKLl, BLANK2s ULANK3s IAP1 » IBP1 , ICAP1l , ICBP1 ,
P 11 T 1<) ¢+ NRAUD » ULANK4, IAM1 » IBM1 , ICAM1 , ICBM1 ,
3 IIPL » IGML » IALPHA» ULLANKSe TH e TMAX . BLANKG6, DELPRT,
[} FREQ o CNTHAX, AR » ASMLR » PUSHA » PUSHB o BOILA , BOILH
S CVA v CvB ¢ SLUG o ALPHA o HVA » HVB » HCA v HCB ’
6 EMINA » EMINB o CA v CB v GA ¢ GB ¢ GL ¢ GR ’
7 RHOL » RHOR » EPIO o EPSI o+ RIA ¢+ RIB ¢+ RDIA , RDIB
8 RPIA ¢ RPIB o RPDIA » RPDIB o TPRINT,» TA v TB e TC
COMMON T v TE ¢ UTH2 » DTH2P » DTHY » DTRMIN, DTMAX »
b DTMAX1» OTMAXZe DTMAX3e VTR » SWITCH, CO o CMIN , DELTA
2 GAMA ¢ WCRIT » SIGMAYs AC ¢+ ACO3T4s» CNVRT » SUMRA , SUMRB
3 ROIA » ROIAM1s, ROIB » ROIDBP1l, GMS ¢ S1 v S2 ¢ S3 ’
L) Sy -1 ¢ Sb v S7 ¢ S8 v S9 ¢ S10 ¢ S11 ’
5 S12 ¢ S13 v Si4 ¢ S15 v S16 ¢ S17 ¢ S18 ¢ S19 ’
6 S20 ¢ EO v FO ¢ TAU v ZERO ¢ R (152)» DELTAR(152),
7 AS@ (152)¢ RD (152)¢ VD (152)¢ RODD (152)¢ SMLR (152),
8 DELK ( 37)e P (152), P1 (152)¢ PB (152), PB1 (152)
COMMOIN P2 (152)¢ SV (152)» RHO (152} THETA (152),
b I ] (132), € (152)r EI (152)» EK (152}, A (152),
e Vv (152)r 6 (152)e D (152}, € (152), X2 1152},
3 X3 (152)r X4 (152} X5 (152)¢ X6 (152)¢ X7 (1521},
& SMLA (152), SMLB (152)r SMLC (152)9 SMLD (152), SMLE (152),
5 .EC (152)» ER (152)r SMLG (152)¢ SMLH (152)s BIGA (152),
6 HIGy (152), CV (152)» BC (152)» BR (152)e CHIC (152),
T CHIR (15%2)¢ CAPAC (152)0 CAPAR (152)» CRTC (152}, CRTR (152},
8 CRTPC (152)» GOFR (152)¢ FEW (152)¢ CAR (152}, OKLM ( 37)

COMMON TELM ( 37)¢r EKLM ( 37)» CLM ( 37)0 FCLM ( 37},
1 FRLM ( 37), WLM ¢ 37)r QLM ( 37)» AMASNO( 37)¢ CHRNO ( 37),
2 2P} ( 370, 2P2 ( 37)» SOLID ( 37)r ECHCK ( 37)¢ RK (104),
J KL ( 379 RHOK (104)¢ RDK (104)» THETAK(104)e TEMP ( 16),
& HEAD ( 12)¢ MaxL ¢ MAXLM

(o4 s
c:t:‘ut‘ttottttttt:-.ct:tttt:tctt.ttttttvtt.t.:‘t;t:t.:t:pt.ttnttttt:.:;
DATA FIRST/0./
N=ROK(101)
IF(FIRST«GT+45) GO TO 25
DO 20 K=1,N
ILSROK (K)
IRSROK(K+1) =1,
ROK (94+K) =0,
DO 10 ISIL(IR
10 ROK{94+K) SRUK (94+pn)+G(])
20 CONTINUVE
25 DO 30 I=1,15%2
30 SMLG(1)=0.
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DO 99 K=1/N
T2=TH+DTH2
IF(T2+LT. let=20) GO T0 100
M=10+(K=1)=*12
IF(T2.LT<RUK(M)) 6O TO Y9
ML= M+1
M> = M+ 5
DO 40 J = Mle M5 "
L=J
IF(RUK(J) 46Te T2) GO TO 50
40 CONTINUE
G0 TO0 99
50 SOLID(B)SROK(L+S?
IF (ROK(L=1)} oLle TH) GO To 60
Q@ = (RDK(L=1) = TH) * RUK (L+&)
IF (L +tQs M1} G = U.
TEMP(2) = (T2 = RuK(L=1)) * RDK(L+5) + @
SOLID(B)=TEMP(2)/DTH2
60 CNVRT=CNVRT’S°L[U(B)*DTHZ
TEMP(l)=0235752“1050L10(6)/RDK(9“0K)
IL=RDK (K)
IRSRUK (K+1)=1.
DO TV I=ILeIR
70 SMLO([)=TEMP(1)‘Q(I’
99 CUNTINULE
100 FIRST=1.
RPIB=CNVRT
RETURN

RDK (1)=ROK(7) COHTAIN BURY UF SOURCE REGIONS
ROK(10)=RDK(15) CONTAIN TIMe CUTS FOR FIRST GROUP
RDK (1o)=RDK(21) CONTAIN HATES FOR FIRST GROuP

RDK(22)=RUK(27)= TIME  2ND GROUP
ROK(28)=RUK(33) RATES

" RDK(34)=RDK(39) TIME 3RD GROUP
ROK (40=45) RATES

ROK(46=51) TIMES 4TH GROUP
RUK(52=57) RATES

RUK(S58=63) TIMES STH GROUP
RDK(64=69) RATES

RDK(70=-75) TIMES 6TH GROUP
ROK(76=-81) RATES

ROK(95=10G) COHTAIN MASS OF EACH GROUP
ROK(1U1) NO, OF MATERIAL GROUPS

K IS SOURCE REGION INDEX
Jr L ARE TIME CUT INDICES
M(K) 15 THE RDK TABLE INDICATOR

AOACOA0OONNO0O DDA OON

C VEAT. IF TIME EXCEEUS LAST CUT» SOURCE SET ZERO.
. END

103

IR DI A A

£, | e

2 g e

O o o et - Yt .

-




SUBROUTINE QUE
C.MPILED JULY 18 19

OATA FIRST/0./
IF(FIRST) &U,10

S1=74,0010
CALL UNCLE

10
7

40
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JEZ

@,7 FOR GUEL10/0UTe QUELU/OUT:» QUEL10/0UTH

10 IF (ROK(1)® RDK(2) .GT. 0.1) GO To 20

104

° .
c.‘.“...‘.“t‘.“.‘t#‘.“““‘...“.‘.‘.“t‘“.“‘t‘t“‘t‘t‘“..‘.“.

c SPECIAL SOURCE FOR Je PALMER
C SOURCE VARIES AS Res=|{
C ROK(1)= LEFT 20NE BOUINDAKY
c RDK(2)= RIGHT 20ile LOUNDARY
c RUK(3-52)= TiMcS FOR GIVEM eDOT
c ROK(53=104)= EVOTS FOR GIVEiI TIMES
C‘.t.tt.‘t#tttttttttlttttt‘ttt‘#tt‘.o.t#ltttttt##t‘tttt#tt‘ttt##.tttttttKﬂP20070
*KAP20080
Cs SPUTTER COMMON **KAP20090
Ce *2KAP20100
Ce *sKAP20110
COMMON LMDA(37) s NR ¢ WSMLR » IA e IB ¢ ICA ¢ ICB 'KAP20120
1 KMAX o+ BLANK1, BLAIIK2e ulANK3e IAP1 o+ IBP1 + ICAPL , 1CBPI1 +KAP20130
2 11 v IS5 o NRAD o il.ANK4, IAML o+ JBML , ICAM1 , 1CBM1 ,KAP2014p
J 1IP1  » IGM1 o 1ALPHAs» SLANKSs TH ¢ TMAX » BLANK6, DELPRT:KAP20150
4 FREW o+ CNTMAXs AR o ASMLR o PUSHA » PUSHB + BOILA , BOILB +KAP20160
-] Cva ¢ CVB ¢ SLUG » ALPHA » HVA ¢+ HVB ¢ HCA ¢ HCA 'KAP20170
6 EMINA » EMINB o CA ¢ CH ¢ GA ¢ GB ¢ GL ¢ GR +KAP20180
7 RHOL + RHOR o EP10 + EPSI + RIA ¢ RIB » ROIA , ROIB +KAP20190
8 RPIA » RPIB o+ RPUIA » RPDIB » TPRINT TA e TB v TC KAP20200
COMMON TL ¢ TE o DTH2 » UTH2P » DTHL o DTRMIN, DTMAX oKAP2021g
1 DTMAX1s, DTMAX2s DTMAX3e OTR ¢+ SWITCH, CO o+ CMIN o DELTA ,KAP20220
2 GAMA » WCRIT s SIGMAG, AC ¢ ACO3T4s CNVRT » SUMRA , SUMRB ,KAP2023n
3 RO1A +» RO1AMls» ROIYS » ROIBP1le GMS ¢ S1 ¢ S2 ¢ S3 ' KAP20240
L S4 ¢ S5 ¢ S6 v 57 v S8 v S9 ¢ S10 v S11 'KAP20250
5 S12 v S13 ¢ S14 v 515 ¢ Sle » S17 v Sl8 ¢ S19 'KAP20260
6 S20 ¢ EO ¢ FO ¢ TAU o ZERO o+ R (152)» DELTAR(152),KAP20270
7 ASe (152)¢ RO (152)» VD (152)+ ROD (152)» SMLR (152),KAP20280
8 DELR ( 37)» P (152), P} (152)+ PB (152), PB1 (152) KAP20290
COMMON P2 (152) . SV (152)» RHO (152)» THETA (152),KAP20300
1w (152)¢ E (152) EI (152) ¢ EK (152), A (152) 9 KAP20310
2 Vv (152)¢ 6 (152)¢ O (152)e € (152), X2 (152) 1KAP20320
3 X3 (152) 0, X4 (152), X5 (152)» x6 (152)» X7 (152) ¢sKAP2033p
4 SMLA (152)s SMLB (152)s SMLC (152)¢ SMLD (152), SMLE (152),KAP20340
> EC (152) ¢ ER (152)¢ SMLQ (152)¢ SMLH (152)s B1GA (152),KAP20359
6 BlGB (152)s CV (152), 8C (152)¢ BR (152)s CHIC (152),KAP20360
7 CHIR (152)¢ CAPAC (152)» CAPAR (152)¢ CRTC (152), CRTR (152)+KAP20370
8 CRTPC (152)¢ GOFR (152)¢ FEW (152)¢ CAR (152)» OKLM ( 37) KAP20380
COMMON TELM ( 37)r EXKLM ( 37)¢ ELM ( 37)» FCLM ( 37),KAP20390
1 FRLM ( 37), wWLY { 37)s QLM ( 37)¢ AMASNO( 37)¢ CHRNO ( 37) ,KAP20400
2 2P} { 37)e 2ZP2 ( 37)» SOL1D ¢ 37)¢ ECHCK ( 37), RK (104) yKAP20410
3 RL ( 37)¢ RHOK (104)¢ RDK (104)¢ THETAK(104)» TEMP ( 16),KAP20420
& HEAD ( 12)+ MAXL ¢ MAXLM . KAP20430
C KAP20440
c *sKAP20450

*2KAP20460
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20

30

40
50

60
70

80

9

95
1000

ILSRLK (1)

IR=RLK (2)

SUMG=U.

DO 30 I=ILeIR

SUMGISUMG+G (1)

SUMG = SUKG=.5%G([R)

DO S0 I=I,152

SMLA(X)=0,

T2= TH + DTHZ

IF(T2 «LT, RUK(3)) GO TO JOUU
DO 60 J=u.52

IF(RUK(J) «GT. T2) GO TO 70
IF(RUKA(J) «EQe Ue) GO TO L0UUO

CONTINVE

Js J=l

TEMP(2) = RDK(J+40)
SOLID(B)SROK(JU+50)

IF(RDK(J) oLEe TH) GO TO 80
TEMP(1)=(RDK(J)=TH) *ROK {J+49) +RDK (J+50) * (T2=RDK (J))
TEMP(2) = (ROK(J)=TH)*RDK (J+39) +RDK (J+40) 2 (T2=RDK(J))
TEMP(2) = TEMP(2)/DTHZ

SOLID(8)= TEMP(L)/UTH2

BETA = 4,18879+5UMGTEMP(2)/S0LID(8B)=]I,

SUMQ = U.

SUMS = =,5%G(IL-1)

DO 90 ISIL!IR

SUMS = SUMS+,.58(G(I=])+G(]))

TEMP(I) = TEMP(2)» (SUMS/SUMG) »*HETA

SMLG(I) = TEMP(1)sG(])

SUMQ = SUMQ+5MLO(I)»4,18879

RPIB = SUMG=S0LIDL(8)

DO 95 ISILelIR

SHMLACI) = SML@(I)»(SOLID(8)/SuUMG)

FIRSTS 1.

RETURN

END
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Q1T FOR KAPPA/STe KAFPA/STe KAPPA/STD
SUUBROUTINE KAPPA (1er IM)

C OUTPUT VERSIV: THAT INCLUODES DIVIDE CHECK TEST
goMPILED MAY 22¢ 1967 wBL
C COMPILED ON DECEMLEKR 821966+ BY LAURA NORRIS
C KAPP0020
c KAPPOO40
C KAPPOOSQ
c.tcttotott.t.ttttt.ttttotttt.tt..tttaaatttttct.tttttattt.t.ot.ta...ttt.KkPPOObo
C *KAPP00790
C. SPUTTER COMMON *sKAPP0080
Cse *sKAPP009g
C, *:KAPP0100
COMMON LMOA(37)y MR o NSMLR o IA v IB v ICA v ICB 'KAPPO110
1 KMAX o BLANKL1s BLANK2s BLANK3e IAP1 » IBP1 o+ ICAP1 , IC3P1 ,KAPPO129
2 11 v 16 ¢ NRAD o dLANKG, IAML , IBM1 , 1CAM1 , ICBM1 ,KAPPO13p
5 1IP1 + 1IGM1 o IALPHA» BLANKSe TH ¢ TMAX o BLANKGs DELPRT,KAPPOlu4p
o FREG@ » CNTMAX, AR ¢ ASMLR ¢ PUSHA o PUSHB o BOILA , BOILB KAPPO1Sg
- CvVA ¢ Cvb ¢ SLUG ¢ ALPHA ¢ HVA ¢ HVB ¢+ HCA ¢ HCB 'KAPPO160
() EMINA o EMINB » CA e CB v GA ¢ GB v GL » GR KEPPOLT0
7 RHOL ¢+ RHOR » EPIO o+ EPSI + RIA ¢+ RIB ¢ RDIA + RDIB oKAPPO0180
8  RPIA o+ RPIB o RPDIA ¢+ RPDIB » TPRIiNT, TA e T8 v TC KAPPO190
COMMON TO0 s TE ¢ DTH2 o+ OTH2P o NTH1 o+ DTRMIN, OTMAX ,KAPP0200
1 DTMAX1» OTMAX2» LUTMAX3e DTR o SWITCH, CO e CMIN o DELTA (KAPPO021p
2 GAMA » WCRIT o SIGMAQe AC ¢ ACO3T4s» CNVRT » SUMRA » SUMRHB KAPP0220
3 RO1A » ROIAM1s KOIH ¢ KOIBPle GMS ¢ S1 v S2 » S3 'KAPPO230
[} 1) v 55 ¢ S6 e S7 s+ S8 ¢ S9 v S10 e S11 'KAPPO240
S S12 ¢ S13 ¢ S14 v S15 ¢ S16 v S17 ¢ S18 e S19 'KAPPOR250
6 S20 ¢ EO o FO ¢ TAU o ZERO ¢ R (152)¢ DELTAR(152) KAPPO260
7 ASQ (152)¢ RO (152)» VO (152)¢ ROD (152)¢ SMLR (152)/KAPP0270
8 DELR ( 3N P (152)e P1 (152)» PB (152), PB1 1152) KAPPO2ARQ
COMMON P2 -{152)¢ SV “152)¢ RMO (152)» THETA (152),KAPP0290
1 w (152)0 E (1%2) EI (152) ¢ EK (152), A (152) +KAPPO300
2 Vv (152)¢ G (1%2)e O (152)r C (152), X2 1152) +KAPPO310
3 X3 (152)0 X4 (152)0 XS (152)+ X6 (152)» X7 (152) +KAPPO 320
& SMLA (152)e SMLB (152)¢ SMLC (152)¢ SMLD (152)¢ SMLE (152)9KAPPO330
$ EC (152)¢ ER (152)e SMLG (152)¢ SMLH (152)¢ BIGA (152).KAPPO34Q
6 Bleb (152)e CvV (152) ¢ 8C (152)¢ BR (152)s CHIC (152) ¢KAPPO350
7 CHIR (152)¢ CAPAC (152)¢ CAPAR (152)¢ CRTC (152)¢ CRTR (152)KAPP0360
8 CRTPC (152)¢ GOFR (152)¢ FEW (152)¢ CAR (152)s OKLM ( 37) KAPPO370
COMMUN TELM ( 37)e EKLM ( 37)¢ ELM ( 37)e FCLM ( 37),KAPPO380
1 FRLM ( 37)e WM ( 37)e GLM U 37)¢ AMASNIC 37)¢ CHRNO ( 37).KAPP0390
2 2P} { 37)0 ZP2 ( 37)e SOLID ( 37)0 ECHCK ( 37)» RK (104) .KAPPO4OQ
3 RL { 37)e RHOK (104)e¢ ROK (104)r THETAK(104)e TEMP ( 16).KAPPO410
& HEAD ( 12)v MAXL ¢ MAXLM KAPPO420
c KAPPO430
*sKAPPOUYO

o4
C:O‘.““t“‘.tt““0t0.t.‘tttt‘t.‘ttttt.t‘.t.‘ttt‘t‘ttttt‘t‘.tt..tttt“K‘PPO“SO
COMMON ZLINULYZ HNUeSGHL ¢ THiU ¢ HHNU o HNUP o NY ¢ IMs INoDHNU» THICK # NY KAPPO46Q

(2 X2 XX e]
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100

200

300

350
400

WT=0
SGNL=0.

M= 1M

IL= N

L0 200 J=1r¢ MAAL.
IFCILLLTLMDACJI) OO TO 300
CONTINUE

S1 = 15.0200

CALL UNCLE
IRSMINUILMOA(J) =1, M)

JgsJ =1

IF(QLMIJ+17))4000 350,400
QLM(JU+1T) =AcS(OKLMII))
CONTINUE

soLliv(20)= iIL

SOLID(21)=IR

soLlv(22)=J

IF (AMASHO(J+17) «GTe 0.) GO TO 600
L=2

" MATERL=QLM(J+17) ¢ 5

500

v & W N e

€ o0 N o

10

11

12

600
700

L1 )

810
620

IF(MATERL «GT.200) LSMATERL = 790

IF(MATERL +EGe 1) L=D

IF(MATERL +EQ. 6) L=1

IF(MATERL +Ew. 13) LSS
IF (MATERL +EG. 101 +ORe. MATERL .E£Q. 103) L=]

IF(MATERL +EQ. 1lUg)L=8

IF(L +LT. 13) GO TV 500

S1= 15.0%00

CALL UNCLE

GO TO (102030405000 T70809010,11013) 0L

CALL kAPl

60 To 700

CALL KAP2

GO YO 700

CALL KAPD

GO YO 700

CALL KAP4

60 T0 700

CALL KAPS

GO Y0 700

VALL KAPS

G0 YO 700

CALL KAP7

G0 YO 700

CALL KAPS

60 T0 700

CALL KAP9

60 YO 700

CALL XAP1lO

60 TO 700

CALL xAP1)

GO0 TOo TJy0

CALL nAPL2

o0 Tu 70U

CALL uiAlALY)

UV BLY I=iLe]IR

CAPARCI) = AMINLC(LAPAK(L) ¢ 2.820EG/7THETACD))
CONT LVE

CalL DVCHK (KX)

GO Tu (8lus 8Zule KX

Sl = 15.0810

CALL UNCLE g
HE GO

IF (IL +6Te M) RETURK

6V Tu 100

END
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Wy FOR KAPG6/JPe KAPO/JPy KAPH/UPL
SUBKQUTINE KAPS
COMPILED NOVEMUER 1le¢ 1960 aBiL

C SPECIAL KAP KOUTINt FOIi CONSTANT INPUT MULTIFREOUENCY OPACITIES
c THETARK (61=-6u) SPLCIFILS FHLWGUENCY
c THETAR(B81-100) SPLCIFIES UHACTTY
a0t 00tete00000000000000000080000000000000000000000000000000080008008408
c .
e SPUTTER COMMON 9
C, oo
Ce e
COMMON LMDA(ST), M ¢ WSMLR ¢ IA v 18 v ICA v 1CB ’
1 KMAX o BLANKL) BLANK2, uLANK3e 1APL o 18P , ICAP1 , ICOPL
2 11 v 16 o NHAD o uLANKS, JAM] o IBMI , ICAMI , 1CBM1 .
3 IIPLl o IGNL o IALPMA, oLANKS, TH o TMAX o BLANXG, DELPRT,
& FREGW o+ CNTMAX, AR o ASMLR o PUSHA » PUSHH , HOILA , BOILB ,
S CVA ¢ CVU ¢ SLUG o ALPHA » MVA ¢+ HVB » HCA » HCB ’
] EMINA o EMING o CA v CB r GA v GB ¢ GL ¢+ GR ’
7 RHOL » ANOR o EPIO o+ EPSI o RIA » RID ¢+ ROIA , RDIB
) RPIA + RPIB o+ RPDIA o HPDIB o TPRINT, TA v 1B s TC
COMMON T v T e UTH2 o OTH2P o+ OTH1l o DTRMIN, DTMAX ,
i DTHAX) > OTMAX2, DTMAXD, UTR » SWITCH, CO o CMIN , DELTA
e GAMA o+ WCRIT » S16MAQ, AC ¢+ ACO3T4e CNVRT , SUMRA o SUMRbL
3 ROIA » ROIAML» KROIH o ROIBPL, GMS v S1 v S2 ¢ S3 ’
L) Se » 55 v S6 ¢ S7 s S8 ¢ S9 v Si0 v S1} ’
S Sie v $13 v S1& ¢ SIS v S16 v S17 » S10 ¢ S19 ’
& Sau ¢ EO ¢ FO v TAU » ZERO o+ R (152)¢ DELTAR(152),
T ASQ {152), RO {152)e VD (iS2)¢ ROD (152)0 SMLR (152),
8 DELR ( 37), P {152)r P} (152), PO (182), PBY {152)
COMMON P2 (1%2)0 SV (152)¢ RHO (152)s THETA (152),
F U ] {15%2)0 E (152), EI (152) 0 EX (152)0 A (152),
2 v (152) 6 11%52)0 O (152)e € (152)0 X2 (152),
3 X3 (152)¢ X4 (19%2)e XS5 (152)¢ Xb (182), X7 (152),
8 SHLA (152)¢ SMLB  (152)0 SMLC  (152)¢ SMLD (152)s SMLE (152),
® EC (152)¢ ER (192)s SMLQ (152)e SMLH (152)s BIGA (152),
6 Bl6s (152)e Cv (152)r BC (152)» BR (152)» CHIC (152),
7 CHIR (152)» CAPAC (i52)¢ CAPAR (152i0 CRTC (152)s CRTR (152),
8 CRTPC (154)+ GOFR (152)¢ FEW {252)¢ CAR (152)y OXLM ¢ 37)
COMMON TELM ¢ 37)0 ExLM ( 37)¢ ELM ( 37, FCL ¢ 37)
1 FRLM ({ 37)s uwlM { 37)e OLM ( 37)e AMASNOC 3709 CHRNO ( 37),
2 2P} ( 370 2P2 ¢ 37)e SOLID ( 37)0 ECHCK ( 3Ty RK (104%),
3 RL { 37)e RHUOK (108)¢ RODX (104) e THETAKL(L10W), TEMP ( 16),
® MHEAD ( 1200 MAXL o MAXLM
c
[ o o
e e888080060000000000000000000008000000000000000000000000000000000800000

COMMON ZLINULY/ HNUSGINL » THNU» NHNUSHNUP s RT o IMo INoDHNU » THICK 0N Y

IF (IHMNV .EQ. 1)
HU = THETAXK{ IHNU+60)
IK = SOLID'20)
1L = 50Lip(21)
00 10 I = i4e IL
IF {IHNV ,6T. 0)

< GREY KAPPA

GO T0 &

CAPAR §) = THETAK(102)
60 70 10

c MULTIFREWUENCY KARPA
6 CAPAR(I) = THETAR({AHW+8BD)
10 CAPAC(I) = CaPaR(L)
RETURN
END

NHNU = THETAK(1G1)
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H,T FOR KAPL12/JPe KAPLl2/JPe KAP12/UP1 r
SUBROUTLIE KAPLle . KAP1001¢
c KAP10020
c ‘ ES3 0040
Catoosssstusssastsstsssststsstostssstitotasesetossesessneststoessntnee ,
C .
C, SPUTTER COMMON .
Ce e
Cs s
COMMOIy LMDALS7) e HNR ¢+ NSMLR » IA v IB v ICA v 1C8 ’
1 KMAX o BLANKL, BLANKZ» OLANK3, I1AP1 o IBP1 , ICAP1 , 1CBPL
2 11 v IG ¢ NRAD » BLANK&, IaM1l , IBM1 , ICAM1 , 1CB™1 ,
3 I1IPL o+ 1GM1 » IALPHA,» BLANKS, TH ¢+ TMAX o BLANK6, DELPRT,
L) FREQ o CNTMAX, AN ¢+ ASMLR » PUSHA » PUSHB » BOILA , BOIL3
- Cva ¢ CVB ¢ SLUG +» ALPHA » HVA ¢ HVB » HCA ¢+ HCB ’
b EMINA o EMING o CA ¢+ CB ¢+ GA » GB ¢ GL ¢+ GR ’
7 RHOL o+ RHOR » EPIO ¢ EPSI o+ RIA ¢+ RIB » ROIA , ROIB
8 RPIA ¢+ RPIb o RPDIA o RPDIB » TPRINT» TA ¢+ 78 e TC
COMMOIN T0 v TE ¢ UTHZ +» DTH2P ¢ DTHL + DTRMIN, DTVAX .
1 DTMAX1, DTMAX2e OTMAX3e OTR ¢+ SWITCHe CO ¢+ CMIN , DELTA
2 GAMA ¢ aCRIT o+ SI6MAYY AC ¢+ ACO3T4s» CNVRT » SUMRA » SU“RB ,
3 ROIA o+ ROIAM1, ROIf} » KOIBPLl,» GMS ¢ S1 ¢ S2 ¢ S3 ’
) Sy ¢ 95 ¢+ S6 ¢ S7 ¢+ S8 r S9 e S10 » S11 ’
5 S12 ¢+ S13 v Sl4 ¢+ S15 ¢+ S16 ¢ S17 » S18 ¢ S19 ¢
6 S20 ¢ EO v FO v TAU ¢ ZERO » R (152)+ DELTAR(152),
7 ASQ (152) RU (152)e VD (152)¢ ROOD (152)s SMLR (152),
8 UVELK ( 37, P (152)e P1 (152)s PB (152)s PB1 {152)
COMMON P2 tI%2)0 SV (152)¢ RHO (152)» THETA . (152),
w (152)r E (152) E1 (152)r EK (152)¢ A {152),
v (152)¢ G (1%2)» D (152), C (152)¢ X2 (152),

X3 (1%2) ¢ x4 (152)¢ X% (152)¢ x6 (152)s X7 (152),
SMLA  (152), SMLU  (192)r SMLC (152)¢ SMLD (152)e SMLE (152),
' (152)r &R (152)¢ SMLG (152)¢ SMLH (152)s BIGA (152),
8168 (152). Cv (152)+ BC (152)+ B8R (152)» CHIC (152),
CHIR (152) ¢ CAFAC (152)r CAPAR (152)¢ CRTC (152)s CRTR (152),
CRTPC (152)¢ GUFR (152)¢ FEW (152) ¢ CAR (152)s OKLM ( 37)

COMMNL TeeM ( 37)r EKLM  ( 37)r ELM ( 37 FCLM ¢ 37)4 i
1 FRLM ( 37)s wiM ¢ 37 QLM C 37)e AMASNOL 37)» CHRNHO ¢ 37),
4 2P) ¢ 37)e &P2 ( 37)s SOLID ¢ 37)¢ ECHCK ( 37)0 RK (104),
3 HL ¢ 37)¢ RHOK (104)¢ ROK (104)» THETAK(104)» TEMP ( 16),

ENOCUELN -
">
(e

& HEAD ( 12)» MAXL ¢ MAXLM
IL3SOLIV(ZL) KAP10050
c E
c. . o
C..‘....“....O......h'.‘.'."C"“..‘.O...‘.O......‘..‘.............‘..
c KAP10030
IK2SOLIL(20) KAP10040
JsSO0L1D(22) KAP10060
CHRN=92.0 KAP10070 =
AMASHZ4,017E+9 KAP10080 |
2PAZ2,408E=03 KAP10090
2PBZI,B21E+04 KAP10100
VO 1000 1zIKelL KAP10110

IF(THETALL) oNLoUe) GO TO 1
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CaPAK(1)=,2
CaAPAL(L) =2

60 To 1u00

14T=1

TUMPLO)STHETA(L) %02

TP () STEMP(3) 50

TEMP(D)STHLETALI) #2l,5

. . . s » . . . . . * s
IFISVLI)«GEelUe DGO TO 200

IFLSV(L) elEele 160 TO 1¢

1L01=¢

SVIZHY(])

Svil)slo.

LYDYSulUul TU/5VINZL 243025851)

wO TJ «bu

svil)zl.

TP (u) SCAPAKLL)

. . . . . ' . . . . » »
IFLTILTALL)=1000.u) 02012014

1 SURT(SVI))
CAPAR(1) = AMAXLLUKLM{J+17) & CAPAR(I)» +2)
w Tu gu

1 SURTISURTISVLIII) ¢ TLUP(4)eSVIL))))
CAPAR(L) = AMAXLI(UKLIALJ+LT) o CAPAR(]L)» +2)

60 TU (350:340) 0 IXT

» * L] ] L] L) . ] L] [ ] L] .
CONT L 4ue

IF (ThelA(I)=2.U) 201,201,202

tFF=1.82

w0 Tu v

Ir (YHETA(L)=2u0.U) 20392030204
EFFS9.L2/7(THLTALL) 41.U) 20242 . 5E=5¢THETA(]) %25
WO TO UV

1IF (THETA(I)=10U.u) 2050205¢206
LFFSn.50LS/THLTA(L) 88340 .= THETA(]) 80}
9w Tu 200

EFFSueUtU 4L/ THETA(]) 882

CunT Inue

WSSSURT(Imt TALD))

WHA 2 FEN i) es2/5yL]) =
IF(FLatl)ellelde) GV TO J30
adASuLAFLW(])

6V Tu 335

WOA = AMINLUNSAY JeL1UZASASHSTHETALL) sWSOEXP(=8.0/THETA(L)))
CAPAR(1) = AMASNS0209,06c=14/THLTA(]) es30uSA/NS

CAPAR(L)SAMARL (OKLM(J*L1T)sbFFeCAPANR(T) 04 2)

GO TO (35005) 0 IXY
g ® & v & & & & & ¢ &

sv(l)ssv]

. . s & & @ . o . s & @
aSUZ)II.0/THETA(]) & (CHRIN®e2)

IF(FEwi1) EW.0e) O TO 370

WOCT L ECLUZAHADNSTLEP (H)/FEN(T) 0S8V LY)
G0 Tu 380

4sC2 le

CONT LiVE

CAPALC (1) S, 874CaPAn(L) A L4l (1,04nSHs1,0+ALOGIWSC) )

CAPACLI)SAMARL(CHPAC(T) v CAPAR(]))
CONTINUVE

RETUIN

gno

110

e —— e S — s

. Lt o b e e i S B . s

®
CAPAR (L) SEXP(ALOVITEMP(6) ) ¢ (ALOG(CAPAR(L) )=ALOGI(TEMP(6) ) ) «DYDY)

12 CAPARCIISHHGL+O/(TEMPID) {14041 E=64SVII)*TEMP(3)))+13.1¢

18 CAPAK(TI)IS(LeU1oT5E12/TLPLU))®(,078942.T84C21/(TEMP(3)#(T.6C]13®

* L]

KARLO2:0
KAb'10Z10
KApl0220

* ¢

. ’
KAPL1UZ2nD
KAP10270
KAp 10260

KAP10300
KAP10310
KAP10320

KAKLO0410
KA1 0420
KAP10430
KAFPJ0u440
KAP104%0
KAP10460
KAR1O4T0
KAPLO4KO
KAPLO4YQ
KAP10500
KAP10S10

KAP10600

KAP10610

KAP10630
KAP10640
KAP10650
KAP10660
KAP10670
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@ FOR RTAPL/ORIGr RTAPe/ORIGe RTAPE/AL

SUBROUTINE RTAPE (1 TAPE»CYCLE) RTAPOO10
C
CAMPILED APRIL 4» 1907 WuL
C SPLCIAL VERSION FOR COMPTUN SCATTERING CODES
Col 0ottt ssnataitbiasantasatersssistasstetonsaersssssssnsssnsssssssnsssssRTAPO020
c sRTAPOO30
c, SPUTTecR COMMON +sRTAPO040
Ce 2sRTAPO0050
Ce seRTAPO060
COMMON LMDA(37)» WR o WSMLR » LA -] v ICA y 1CB . +RTAPOOTQ
by KMAX o+ BLANK1, BLAMK2e oLANK3s» IAPL1 » IBP1 , ICAP1 , ICBP1 RTAPOOHO
P 11 v 16 ¢ NRAD o uLANK4, IAM1 o IBM1 , ICAM1 , ICAM1 ,RTAPO0090
3 11P1 o+ IGM1 o IALPHA» ULANKSy TH » TMAX , BLANK6, DELPRT,RTAPO100
4 FREQ » CNTHAXe» AR ¢+ ASMLR » PUSHA » PUSHB , HOILA , BOILB ,RTAPOl110
5 CVA » CVB » SLUG o+ ALPHA » HVA » HVB » HCA » HCB +RTAPO120
6 EMINA » EMING » CA » CB v GA vy GB v GL ¢+ GR +RTAPO130
7 RHOL ¢ RHOR » EPI0 o EPSI » RIA v RIB » RDIA o+ RDIB ,RTAPOl4Q
8 RPIA o RPIB + RPOIA o RPDIB » TPRINT, TA e T8 e TC RTAPO1S0
COMMON TL v TE v UTH2 +» DTH2P » DTH1 » DTRMIN, DTMAX ,RTAPO160
1 DIMAX1s DTMAX2,» DTMAXJSs» DTR ¢+ SWITCHs CO » CMIN , DELTA ,RTAPO170
e GAMA » WCRIT » SIGMAY» AC » ACO3TH4, CNVPT » SUMRA , SUMRY ,RTAPO180
3 ROIA » ROIAM1, KOIB » KROIBPl,» GMS ¢ S1 v S2 v S3 +RTAPO190
4 S v SO r S6 Y4 v S8 v S9 v S10 v S11 +RTAPO200
- S1¢ v 513 v S14 v 515 v Sl6 v S17 v S18 v S19 'RTAPO210O
6 S v EO ¢ FO v TAU v ZERO ¢ R (152}, DELTAR(152)RTAPO220
T ASQ (152) RV (1%2)» VD t1%82)» ROD (152)» SMLR (152),RTAPO230
8 DELR ( 37, P (152) P1 (152)» PB (152), PB1 (152) RTAPO240
COMMON P2 (152)» SV (152) RHO (152} THETA (152),RTAPO25S0
w (152), & (1%2)¢ EI (152)» EK (152), A (152) +RTAPO260
v (152) G .(1%2)0 D (152)¢ C (152), X2 (152) RTAPO270

X3 (152) X4 (152) XS (152)r X0 (152), X7 (152),RTAPO280
SMLA  (152)¢ SMLL  (152)» SMLC (152)» SMLD (152)s SMLE (152)RTAPO290
EC (}52) ER (152)» SMLG (152)¢ SMLH (152), BIGA (152),RTAPO300
8I1Co (152), CV (152)¢ BC (152)» BR (152)s CHIC (152),RTAPO310
CHIR (152)s CAPAC (152)¢ CAPAR (152)¢ CRTC (152)e CRTR (152)+RTAPO320
CRIPC (152)¢ GUFR (152)» FEW  (152)¢ CAR  (152)¢ OKLM ( 37) RTAP0330
COMMUN TelM ( 37)r EKLM ( 3700 ELM  ( 37)s FCLM ( 37),RTAPO340
FRLM ( 37)e WLM ( 37), GLM ( 37)» AMASNOU 37)» CHRNO ( 37),RTAPO3SO
P13 ( 37), ZP2 ¢ 37) SOLID ¢ 37)e ECHCK ( 37)» RK (108) ,RTAPO3GO
RL { 37)0 RHOK (104)» RUK  (104)¢ THETAK(104}s TEMP ( 16).RTAPO3T70

HEAD ( 12)r MAXL * MAXLM RTAPO360
RTAPO390

C
- . *sRTAPOKOO
Co000000000000000000088000008008400000000000000080008,000eb00ss0sssttsssRTAPON]O
COMMON ZLINOLYZ MisU e SGHL o THU» NHNU e HNUP o NT ¢ TMo IN» DHNU» THICK o NY
COMMON /PALMER/ FI0(152) FI1(152), FI2(152), FI3(152)v FGO(152),
2 FEL(152) Fu2(152), FQI(152:; JORUM

ENOUEGNK >

E N r

A RTAPL DEFINLS JORUM ON RESTARTS. WTAPE DEFINES IT ON INITIAL STARTS.
NHNU = LHMDA(306)
REWINU NTAFC RTAPO420
10 READ (NTAPE) CUOUNT RTAPON 30
17 (COW‘l’oLY.OuORoCOUNY +6T.CYCLE) GO TO 30 RTAPOSNO

IF (ABS(FOQ) +GTV. 1+.E=20) READ (NTAPE)

111

{
!
;




50

1y
2v

29
30
40
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IF (ABSICOUNT = CYCLE) +LT. 1.E-20) GO TO 20
WRITE (6¢50) COUNT

FORMAT (1HO Sk¢ BHCYCLE Fou.0¢ 8H SKIPPED)
READ (NTAPE)

0o 1S 2 1o HHNU

READ (TAPE)

60 Ty 10

READ (NTAPE)} {LAUACL) o I=199%05)

JURUM 2 25

LMUALJ36) = NHNV

DO 25 I 3 1¢ NHIWV

READ (NTAPE) Fl10s FIle F12» FI3

wRITE (JURUM) FlI0e Flle Fl2s FI3

RETURN

Si = u40.

WRITE (br 40) SOLID{(IWI

FORMAT f1HO 5X 6HCYCLE F6.00 17H NOT ON OUMP TAPE )

CALL EXAT
END

112

T I P RS s

RTAPO4EO

RTAPQ& 70
RTAPQ4BO

RYAPO4GQ
RTAP0S500

RTAPO0S20
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@ FOR WTAPEZSPe wTAPL/SPe sTAPL/SPL
SUBROUTINE wTAPC WTAPOO10
COMPILED APRIL 27, 1967 Aol
C SPECLIAL ViRSIOw FOR CO“PTGN SCATTERING CODES
c wTAPOO30
C.toottatto.cccoctta.cacc.actcatoataoatcttoototacotattttoctttttot.tctttoNTAPOOQo
c _ WTAP00S0
e SPUTTERK COMMON *eWTAP0060
Ce seWTAPOO70
Ce eeWTAPO0SO
COMMON LMUALST) e NR » HNSMLR ¢ IA v IB o ICA v 1CB 'WTAPOO90
1 KMAX ¢ BLANKL, BLAHKZe GLANKI, 1APl ., IBP1 . ICAP1 o 1CBP1 +WTARO100
2 11 v IG s HRAD o+ BLANKYe IAM1 o 18M1  , ICAM1 , ICBM1 'WTAPOL10
3 1I1P1 o LGM1  » JALPHA, oLANKSe TH ¢ TMAX o BLANKG, DELPRTWTAPO120
“ FREQ o CNTMAX, AR » ASMLR ¢ PUSHA o PUSHB BOILA , BOILB 'WTAPO130
-] CVA v CVU » SLUG ¢ ALPHA » HVA ¢+ HVB » HCA ¢ HCB JWTAPOLl40
6 EMINA o EMIIW o Ch ¢ CB v GA v GB v GL ¢ GR +WTAPO150
7 RHOL o+ RHOR » EPIO o EPSI RIA ¢ RIR ¢+ RDIA o RODIB +WTAPO1l60
] RPIA ¢ WPIo o+ RPUIA » itPOIB » TPRINT, TA v -TB » TC WTAPO170
COMMON o v TE e OTH2 o+ OTH2P +» DOTHL ¢ OTRMIN, OTMAX ,WTAPOl80
1 OTMAX1e DTMAX2» DTMAXI, LUTR » SWITCH, CO ¢ CMIM o DELTA +WTAPO190
2 GAMA ¢ WCRIT o SIGAAUY AC ¢ ACO3TW4e CNVRT o SUMRA SUMRE +WTAPO200
3 ROIA HO[AMls ROIB + ROIBPle GMS ¢ S1 v S2 v S3 'WTAPO210
4 1) v S5 v S6 v S7 v S8 ¢ S9 v S10 e S11 'WTAPO220
) S1¢2 ¢ S13 ¢ Sl4 ¢ 315 ¢ Sl6 v S17 v S18 v S19 'WTAPO230
[ ) s52v v EO v+ FO v TAU v ZERO ¢ R (152) s DELTAR(152)WTAPO240
T ASG (152) RU (1%2)e¢ VO (152) ¢ RUD (152)¢ SMLR (152) o WTAPO250
6 OELR ( 37)e P t1v2)e Pl (152)¢ PB (152)¢ PB1 (152) WTAPO0260°
COMMOWN P2 (152) SV (152) ¢ RHO (152)¢ THETA (152) «NTAPO270
) 9 (1%2)r t (1%2)r EI (152)¢ EX (152)e A (152) o WTAPO280
2 v (152)0 G (1%2)e O (152)¢ C (152), X2 (152) s WTAPO290
3 X3 (152)» Xb (1%2)e X5 (152)¢ X6 (152)e X7 (152) «WTAPO300
% SMLA (152)¢ aMLB  (152)0 SMLC (152)0 SMLD (152)s SMLE (152) «WTAPO310
s EC (152)¢ ER (1%2)¢ SMLG (152)¢ SMLH (152)¢ BIGA (152) oWTAPO320
o Blog (1%2)e CV (1%2)¢ BC* {152)¢ BR (1520 CHIC (152) +WTAPO330
7 CHIR (15%2)¢ CAPAC (152)¢ CAPAR (152)¢ CRTC (152), CRTR (152),WTAPO3u40
8 CRTPC (152)¢ GUFR' (152)0 FEW (152)¢ CAR (152)s OXKLM ( 37) WTAPO3S50
. COMMO TeLM ¢ 37)e EXLM t 37) ELM { 37)e FCLM L 37V, WTAPO360
1 FRLM ( 37)e WLM ( 87)e GLM { 37)¢ AMASHO( 37)s CHRNO ( 37),%TAPO370
2 2ZP1 t 37 2P2 t 37)e SOLID t 37)» ECHCK ( 37)» RK (104) WTAPO380
3 AL ( 3700 RHUK (104)e¢ ROK (104)¢ THETAK(10%)» TEMP  16)WTAPOZ90
& HEAD ( 12)¢ MAXL v MAXLM WYTAPO400
C wWTAPOW10
c. seWTAPON20
C.oototoooooo.oootttottoooootutto.totooQO.QouutoootoootutooutoooooooootthTAPOhSO
coOMMON ZLINLLY/ HN‘)OSG?ZLOIHNUON’NU"'NWONT'INOXNOOMOﬂﬂCKONY
COMMOI¢ ZPALMEKRZ FI0(152), FIL(152)0 F12(152)¢ F13(1%52)» FGO(152),
2 FO1(152), Fu2(152), Fa3(152) ¢ JORUM
COMMOI /CNTHLZ SCYCLE, JAULT
C WTAPOGAGO
=255 uTAPO4S0
wHs=3,0 wTAPO460
SRITE (N) SOLID(18) | WTAPOWT0
1F (ABS(FO) +6T. 1.E=20) WRITE (N) TH
wRITE (N)(LNOA(I!.I=IO9“US) wTAPO490
NHNU = LMDA(30)
1F (SOLID(18) 6T, SCYCLE) REAIND JORUM
po 10 I = 1 NNV
1F (SUL1D(18) +6T. SCYC;E)F gLAO (JORUM) F10¢ Flle Fl2¢ F1d
U wllTE (N) FlOe File FI2¢ FI
c ! dTAPL DEFINES JURUA ON IHITIAL STARTS, RTAPE DOES 1T ON RESTARTS,
IF (SOLLID(34) «6T. 0. ORe SOLIDLLIN) 46T 04) GO T0 20
JORUM = 25
REWINY JORUM
00 195 1 = 1¢ NHNV

15 4RITE (JURUM) FIUue FIle Flce FII

20 WRITE (N) WS
BACKSPACE N
RETUN
ENO

113

WTAPOS00
WTAPOS10
WYAP0S60
WTAPOS70
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] FOR MP2/XX 9P/ XX sMP2/ XXX
* SUBROUTINE MP2

c QUTPUT VERSIOMN == BOIL. CNOCTH DELETED

C 3MA10010
o 3MAI0030
C."t.'ttttttttttttttt.t0tttOtttttttt‘tt#ttttttt‘t'tttttttttttt.tttt't‘t3"kIOO“O
(4 ¢3MAI00S50
Ce SPUTTER COMMON *e3MAI0060
Cao *+3MATI0070
Ce ¢+3MA10080

COMMOI LMDAL37) s NR ¢ WSMLR o 1IA I1CA v ICB +3MAI 0090

’ ’

1 KMAR » BLANK1s BLANKZ, BLANK3, IAP1 ¢+ IBP1 » ICAPL1 , ICBPL +3MAIO100
2 Il v 16 ¢* NRAD » ULANK4y IAM1 , IBM1 ICAML , ICBM) #SMAIO110
3 IIFL o IGM1 o IALPHA» BLANKS, ™ ¢ TMAX » HBLANKG6, DELPRT,3MAI0120
L) FRLY » CNTHMAX, AR o ASMLR ¢ PUSHA » PUSHB » HOILA ¢ BOILB »3MAL0130
S Cva v CVU o SLUG +» ALPHA » HVA ¢ HVB ¢+ HCA ¢ HCB +3MAL014p
) EMINA » EMINUY » CA y CB » GA ¢ GB e GL ¢ GR v IMALO01S0
7 RHOL o RHOR » EPIO ¢ EPSI RIA » R1B » RDIA , RDIB ,3MAlO0leg
] RPIA o+ RPIB » KPDIA » KPDIB » TPRINTe TA » T8 s TC 3MALI0179
COMMUY) TL v TE * UTHZ +» OTH2P +» DTH1 UTRMIN, DTMAX ,3MAIO014¢0

1  DTMAX1e DTMAXZ2e DTMAXJSs UTR *+ SWITCH. CO » CMIN . DELTA ,3MAIO019g
2 G6AMA » aCRIT » SIGMAWs AC ¢+ ACO3T&4s» CNVRT , SUMRA , SUMRD +3MAIO200
3 ROIA » ROIAM1s ROIB » ROIBP.. GMS e S1 ¢ S2 » S3 ' IMATIO210
4 Ss v S5 ¢ Sb ¢ S7 ¢ 58 ¢ S9 ¢ S10 ¢ S11 +3MAL0220
® Si12 ¢ 513 ¢ Sl4 ¢ 515 ¢ S16 v S17 ¢ S18 v S19 ' IMALO0230
) S20 ¢ EO e FO v TAU ¢+ ZERO ¢ R t152) DELTAR(152) »3MATIO240
7 ASq {152)¢» RO (152)¢ VO (152)» RDD (152), SMLR (152) ,3MAT10250
8 OELR ( 37)e P (152)¢ PL (152) PO t152), PB} (152) 3MAI0260
COMMON P2 (152)e SV (152) ¢ RHO (152)s THETA (152),3MA20270

(] t152)0 E (1%2)» EI (152)» EK (152), A (152) » IMAT 0280

v (152}, 6 (1%2), 0 (1%2)e € . (152)y X2 (152),3MA10290
X3 (15250 X4 (152) ¢ X8 (152)r X6 (152), X7 (152),3MAL0300
SMLA  (152)0 SMLO  (152)¢ SMLC (IS2)s SMLD (152), SMLE  (152),3MA0310°
X (152)» ER (152)s SMLU  (252)0 SMLH (1852)s BIGA (152),3MA1032¢0
8I68 (152), CvV (1%2)¢ BC (152}, BR (152) ¢ CHIC (152),3MAI0330
CHIR (152)0 CAPAC (152)¢ CAPAR (152)¢ CRTC (182), CRTR (152),3MA10349
CRIPC (15%2)¢ GOFR (152)» FEW (152) ¢ CAR (152)e OKLM ( 37) 3MAL03S0
CoMMON TELM ( 3700 EKLM ( 37)¢ ELM ( 3700 FCLM € 37)+3MA10360

GONOCUTELN-
8

1 FRLM ( 37)¢ wiLM ( 37)» OM { 3700 AMASNOC( 37)s CHRNO { 37),3MA10370

2 2P} { 37), 2P2 { 3700 SOLID ¢ 37)s ECHCK ( 37)¢ RK (10%),3MAZ0380

d AL ( 37)¢ RHOX (104)¢ HDK (108) 0 THETAK(104)» TEMP ( 16),3MA10399

& HEAD ( 12)» MAXL ¢ MAXLM MAL0400

¢ IMAIONYQ

c, se3IMAT0820

Co'o"o"oo...o'otoo..o.'.'.-.ootyoo.'oo'oo.oooooo'"..oo.ootto'oo"'.oo3HAt0b30

COMMON /CNTRL/ SCYCLE» JMULT 3MATOWY0

¢ o"oo'oo'.oo'.'.coa.oo'.to'..'.ottoo.."..oo.ot."t'.o...'o..o"'oott'S“AIObSO

EQUIVALENCE (S12/ED1THF) MMAL0%60

HYDRO SUB=CYCLE VERSION 9/25/63 s3MAIOWT0

c.o'oo.'toOoo.o.ot'oy.o'oo"toooot'o'.'.t.'.o."'.'.'.to.t'o..oo.."'."SMAtOQQO

1020,

IF(DLANK2 +GTe1.E~15)TPRINTSTH ¢ BLANK2

IMA10890

S IF (wARN(IMR)) 100 600+ 600 MA10870

114




R
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10

501

520
30
20l

%0

170
17
100

C.‘0“000“'00#0‘#0#“'0‘0‘###000t‘t###.‘#“#.#t#tt##.00.‘#0‘##00#‘0##0

c

IF (EXKLMU19)) SULle 5200 501
CONTINUE

CALL AUTORZ

IFIGM5)53002010530

CALL LEZONE

CONTIUE

CALL TODELT

TO=TL+1,.

IF(BLANK2 +LT. lee=15) GJ TO 170
IF(TD +6T. FREQ) 0O TO 171
IF(TPRINT 6T, TH¢ DTH2) GO TO 100
TPRINTS TPRINT ¢ pLANKZ

IFITH «GT, TPRINT) bLANKZ = 0,

60 TO0 171

IF (AMOD(SOLIC(LB) +1.¢sFREQ) «GT. 0.5160 TO 100
TLO=0, ’

CONTINUVE

INTEGRAL SUK

3MA10580
3MAL10590
3MAL0600
3MA106%0
3MAYL 9
INAL UL 30
3Ma10640

+3MAL10650
+IMAI 0660

C.Ot‘.t‘.“t.000‘00###00*#00*#0###0“#00t#.t#o‘.‘.‘..tt.tt####‘.#"0‘0003”‘10670

2000
2001
2010
204
202

C
c

80

84

85

105
106
107
108

1F (PUSHA) 2000,2010,2001
180=1uMl

GO TO 2010

180 = lA

CONTINUE

CALL HYDRO

CALL PTwO

SELECT SOURCE
IF (ABS(S6) (LT« 1.E=~20) GU TO 80
CALL GUE

CONTINUE

DTRSDTHR

2P1(10)=20THZ

2P1119)=0,0

CONTINUE

IF (ABS(S2) «LTe 1eE=20) GO TO 88

CHECK TO SEE IF RADIATION NEEDS TO BE DONE ON CURRENT SUBCYCLE
IF(TDLTe0eH ORe SOLIN(1GI+1.1.6T.CNTMAX)ICGO TO 86
IF (BLANK3=TH=DTI2=DTR+ZP1(18)) 86+88,88 .
GALL RADTN

CONTINVE

CALL ENCALC

CALL ECALC °

NRADZNRAD=1

IF (NRADLE+ 0 ORe (2P1(18)/7DTR) .LT41.5) GO TO 110
CALL SSWTCH (60 KOOOFX)

GO TO (106¢ 107)s KUOOFX

Sl = 1.0100

60 To 610

CONTINVE

IF (WARN(IMR)) 1Udr 605 60%
2P1(18)22P1(18)=UTR

2P11(19)=22P1(19)¢+1,0

115

3MAL0720
3MATIO730
3MAT0740
MALO0759
3MAL10760

3MAL0950
3MAL0960
3MA10990
SMALIL1000
SMAIL010
3MALI1020

3MAI1050
3MAT1060
MAlLlL0
3MaL1l20
MAIL130

3MAIL1S0
3MALLL60
MAL 1870
3MAziie0
3MALL1190
3MAlIl200
MAIL210
MAL1220

—

e a—




. ik

119

11

509

180
190

195

210
250
301
600

605
610
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6C TG o4

CONTINUE

FORCE SV TU BE COSISTENT WITH R AND G
DO 111 I=1ArlUM1
SV(I)=DELTAR(I)/G(D)

IF(IALPHALU.L) 0O TO 111
TEMP(1)=R(I+1)+R{})

IF(IALPHALEG,3) TeMPLL)=TEMP(3)*R(TI+1)+R(T)#22
SVII)I=SVIT)eTEMP (L)

CONTIHVE

soLluten) = pLILD)

BLANKG = uLANKS + SOLID(28)+DTH2
SOLIV(18)=S0LID 1) +1.0
COUNT=50L1DIIB)

THETH+DTHR

IF (COUNT = CNTMAX) 190« 301» 301
IF(TH «6T, THAX) GO TO 30X

IF (ABSI(BLANKL) LT, 0.1) GO T0 195
IF (AMOD(SOLID(18) e BLANKL) «LTe 0+5) CALL WTAPE
IF (TD +GTe UeY) GO 10 210

CALL PRINT

IF(BLANK] +LT, Ue5) CALL WTAPE

CALL SSWTCH(6/KUUOFX)

60 TU(250¢5) ¢KOOUFA

S1 2 1.0250

60 To 610

S1 = 1.0301

60 T0O 610

S1 2 1.0600

6V TO 610

Sl = 1.000%

CALL UNCLE

END

116

3MAT1230
3MaTl240

3¥AIL300
3MAIL3I0
3MATIL320

3MAIL1390
3MATI 1400
3MATL410
3MATIL420
3MAIL4I0
3MATL440
IMATLI450
3MALL460
3MATL470

3MAILS10
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Q1T FOR HYCRO/OUT» HYDRQZUWUT e AYDRO/OUTI

SUBROUTINE HYDRO . HYDROO10

C OUTPUT VEHRSION OF HYURO

C DEVELOPED BY JIM pPALMER

CoMPILED SEPTEMBER 1l» 1967 WiL

c

C USES RADJATION PRESSURE TE{ISOR

(o

p HYDRO0S0

Ctt'..tlt#tt‘ttt##tttt#ttt‘ttt#tt;t.tt#tttt.#t###t###tt#tttttttt'ttt#t‘iHYDROOGO

Cc sHYDRO0070

C» SPUTTER COMMON *eHYDROO0BO

Cx *oHYDR0U90

Cx *=sHYDRD100
COMMON LMDA(37)e NR ¢+ NSMLR » IA » IB v ICA v ICB +HYDRO110
1 KMAX o BLANKL» UBLANKZ2e ULANK3, IAP1 » IBPL ICAPL » ICBP1 (HYDRO120
2 Il v IG o NRAD » ULANKW, IAML o IBM1  » ICAM1 , ICBML +HYDRO130
3 1IPL » IGM1 » IALPHAs» OLANKDS) TH » TMAX o BLANKG, DELPRT HYDRO140D
[} FREW ¢+ CNTMAXe AR o ASMLR ¢ PUSHA ¢ PUSHB » NOILA » BOILB +HYDRO150
- CVA e CVB » SLUG o ALPHA » HVA » HVB ¢ HCA ¢+ HCB +HYDRO160
b EMINA » EMIND o CA v CB v GA v GB ¢ GL ¢ GR +HYDRO170
7 RHUL o+ RHOR » EPIO o EPSI v RIA ¢ RIB o RDIA , RDIB +HYDRO18B0
8 RPIA » RPIU o RPDIA o RPDIB » TPRINT» TA +» 1B e TC HYDRO190
COMMON 1D e TE e DTHZ o+ DTH2P » DTHYL DTRMIN, DTMAX »HYDRO200
1 DTMAXl, DTMAX2» DTMAX3» UTR » SWITCH. CO o CMIN o DELTA ,»HYDRO210
e GAMA » WCRIT » SIGMAJr AC . ACO3ST4s, CNVRT » SUMRA » SUMRB +HYDRO220
3 ROLA » ROIAMLle ROIUD o ROIBPLle GMS » S1 - o S2 e S3 +HYDRO230
[} sS4 ¢ S5 » S6 v S7 v.58 v S9 » 510 v S11 +HYDRO240
- S12 v S13 ¢ S14 v 5915 v 516 e S17 v+ S18 ¢ S19 +HYDRO250
] S2v ¢+ EO v FO v TAU v ZERO o R (152)¢ DELTAR{152) +HYDR0260
7 ASQ (1%2)¢ RU (152)» VD (152)» RDD {152)s SMLR (152),HYDRO270
8 DELR ( 37T P (1%2)r Pl (152)» PB {152). PB1 ({152) HYDRO280
COMMON . P2 (152) 3v (152) ¢ RHO (152), THETA {152) s HYDRO290
1w 115%2) E (152) EI (152)» EK (152)0 A (152) s HYDRO 300
P ) (152) G (152)0 D (152)¢ C (152)» X2 (152) »HYDRO310
3 X3 (152) 0 X& (152)0 XS (152) ¢ X6 (152) e X7 1152) »HYDRO320
% SMLA (152)e SMLB  (152) SMLC (152)¢ SMLD (152)¢ SMLE (152) yHYDRO3I30
5 EC (152) ¢ ER (152) SMLQ (152)¢ SMLH (152)s BIGA (152) +HYDROJAY
e BlGy (152)e CV (152)» BC (152)¢ BR {152)+ CHIC (152) +HYDROI&0
7 CHIR (152)¢ CAPAC (152) CAPAR (152)» CRTC (152)» CRTR (152) »HYDROJIbO
8 CRYPC (152)¢ GOFR (152)» FEW (152) ¢+ CAR (182)s OXKLM ( 37 HYDRO379

COMMON TELM ( 37)0 EKLM ( 37)e ELM t 37 FCLM ( 37),HYDRO3BO
1 FRLM ( 370+ 'WLM { 37)e GLM { 37)¢ AMASNOU 37)¢ CHRNO ( 37) HYDRO3S0
2 1Py t{ 37, ZP2 { 37)s SOLID ¢ 37)» ECHCK ( 37)s RK {104) ¢HYDRO®00O
3 RL { 37)0 RHOK (10@w)e ROK (104) e THETAK(10%)s TEMP 16) »HYDRO&10

& HEAL ( 12)» MAXL ¢ MAXLM HYDRO420
HYDRO&30

. 3 2oHYDRO®SO
....OO0.0‘.###..#.tt.tt..tt.tt#t#...O.t....t......O...OOO...OO#..#O#.OHYDRO.SO
. HYORO0&60

HYDRO&70

HYDRO&80

HYDRO&90O

*

(s XaXaXaXaXalal

IL = IA
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IR = 1B
CALL UVCHKIKLMY
1AM = lA-l

C S& NEGATIVE GIVES OUMMY HYURY

IF(S54)10020+20

10 I8M! = ld-1
U0 15 I=IA»1BML
ClI) = Rt

15 DELTAR(I) = R(1+1)=k(])
ClI8: = R(1Y)
60 TU 7

20 P(1B) = 0,
ol18) = o,
RHO(Iv) = 0.
Svils) = 0.
LALPHA = ALPHA
00 30 I=ILeIR
€(1) = K1)
IFLIALPHAEQ,3)GO TO 25
IF(L.£Q.I8IP(IV) = O,
IF (1 «NE. 1) GO TV 23
RO(1) = RD(L) = P(l) 7 G(1) ¢ A(1) = DTHL
60 70 30 -

23 ROLI) = RUCE) ¢ (2¢ & (PUI=1) = P(1)) /7 (GL1) ¢ G:i1=1)) & A(1)) »

2 OTHL
60 T0 30
2% IF (I «NE. 1) GO To 27
RUL1) = 0,
60 Yo 30
27 CONTINVE

AALZ2,8ALT) O (PII=1)=P (1) +(SALRCIS1I=SHMLALI=1)1/2,)/7(G(L)eGlI=1))

IFCAMINLI(RHOCTI) PRHO(T 1)) LT. 1.E~10) GO TO 28
IF (AMIMALSMLRII) 7 RHOC1)» SMLROI®L) /7 RHO(I®1)) +LT. S&)
2 60 Y0 28
AART(A(I=1)oSMLR(Z=1)=A(Le2)oSMLR(I¢1))/(G(LI=1)eG(]1))
AAd  (RHO(I) = SALRII)) o (SVII) ¢ SV(I=1)) / (C(I) « C(I))
RO(I) 2 ROLI) ¢ DTHL o (AAl ¢ AA2 ¢ AAY)
GO 70 30
28 CONTINVE
IF(l.eGelBIP(lB) = G,
BURZALL) S (SMLR(I=1)=SHLF(I¢1))/7(G(L1)eGlI=1))
BBIT(RHO(2)=3,oSMLRITI))IS(SVII)eSV(I=1))/(CII)eCLE))
RDIIIZRO(2)ODTHLI® (AAL e2B2ZeD0)
CALL LVCHKIKP)
JFIKP.LYe 2) X3SQRT(=KP)
30 CONTINUE ‘
RIIA) = RIIAICRULTIA)ODTH
00 S0 I=IA.lbM) .
TEMP(1) = DELTAR(I)®(RUCI¢1)=RD(I))eDTH2
R(e*1) = mUDIeTEMPIL)
IF(S10)81,82,%9
8 AlD) =2 ).
VO(l) 2 RO(Ie1)=RD(I)
0 T0 50
82 Sl 2 7.1
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CALL UNCLE
43 A(I) = 3.eR(I)eR(]) ‘

CALL DVCHK (KP)
IF(KP.LT, 2) XSSGKT(=KP) | |
IFCCABSCRCTI#1)=CUI+1) ) +ASS(RITI=COINI I/ (RCLSLIGRITIILLT 1,E=0)GO T

10 &S
vo(l) = (Tf.nv(u.muunwuoumtuMR(noa(u)-OEUAR(x)o(C(ux
1)8(C(I+1)eCCTIII+C(I)eCLI))I/OTHR
G0 YO S0
45 vOo(l) = (R(uuou(hum(u-m(xuumu)‘O(Ru(xou-nn(n)
%0 DELTAK(I) = TEWP(}1)
ACIH) = ALPHASR(IUL)I®e(ALPHA=I,)
CALL UVCHK(KP)
IF(KP +6T, 1) G0 TO 70
SI=7.129
A==l
XZSGRI(X)
CALL UNCLE
70 CONTIivUt
RETUR:
ENO g ,
i
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Q.7 FOrt ECALC/0UT» LCALC/OUT» ECALC/OUT)

C

OUTPUT VERSIC:H OF kCaLC

SUBROUTINE ECALC ECALOO01p
CAMPILED OCTO3EKR 9o 1907 wiL
C RECODLUL 4Y v PHAGEHR, 18 APKIL 1967
(4 COMPLLEL JMNE 3¢ 1Y60o
c COMPILED 1 MUV 1965 ECALO020
[ 4 T «CLUUELS ITNTEGRATEY FUa THRU o SURFACE ECALO0030
(4 { FRLML19) ). ECALOO40
c ECALO0SO
4 ECALO060
c ECALOOT70
C ottt 0000000000000000000000050000080080008030000000000v0ossesvssvevevecelCALOOSD
c *ECALO090
Cs SPUTT ER COMMON *sECALOL00
Cs s+ECALOLL0
Ce *sECALOL20
COMMOLy LMOA(3T), KR o 1SHMLR o 1A v 18 ¢ ICA + I1CB +ECALOL 30
1 KMAX o BLANK]L, BLANK2e oLANKI, IAPL o I6P1  » ICAPL , 1CBPL1 +ECALOL4g
2 11 v 16 ¢+ NRAD » BLAMNKS, IAMI , IBM1 , ICAM1 , ICBMI ,ECALOL1Sg
3 1Pl o 16GML o LALPHA, BLANKS, TH » TMAX , BLANKG, DELPHT,ECALOLl60
9 FREG o CiiTMAX» AR ¢+ ASMLR » PUSKA » PUSHB » BOILA , BOILD ,ECALOLT70
> CVA o Cvp ¢ SLUG » ALPHA + HVA ¢+ HVB ¢+ HCA » HCB +ECALOLAD
6 EMIMA » EMINU o Ca ¢+ Cb ¢+ GA ¢ 60 » GL » GR +ECALOL90
14 RHUL » RHOR » tPIO ., EPSI . RIA + RIB » ROIA , RDIB ,ECALO200
8 RPIA + RPIH + KPOIA » HPDIB » TPRInNT, TA vy T8 ¢ IC €CaLO0210
COMMON 1 {°] v TE v DTHZ o OTH2P » DTHYL » OTRMIN, DTMAX ,ECALO220
1 DIMAXLy» UTVAXZ, OTMAXS, VIR v SwiTCHe CO v CMIN , DELTA »ECALO230
2 GAMA » wCRIT » SIGH4AQ, AC ¢ ACO3T4, CNVRT , SUMRA , SUMRH ,ECALO240
3 ROLA » ROLIAML» KOIU » HOIUWPLls GMS e Si » S2 v S3 +ECALO2%0
" sS4 o S5 ¢+ S6 v S7 + S8 » S9 ¢ S0 » S1i 1ECALO260
-] Sie » 513 + S14 v 515 » 516 v S17 » S18 v S19 +ECALO270
] s2v v EO v FO v TAU ¢+ ZERO +» R (152), DELTAR(152),ECALO240
7 ASu (152)+ RU (1%2)» VU (152)» RLOD (152)s SMLR (152),ECALO290
8 DELR ( 37)» P (1%2) P} (152)» pPB (152), PB1 (152) ECALO300
COMMONY P2 (1%2)r SV (152)» RHO (152), THETA (152),ECALO310
1 w (152), € (1%2) EI (152)¢ EX (152),» A~ (152),ECALO320
F A (152), G (1%2)¢ D (152)¢ C (152), X2 (152) ,ECALO330
3 X3 (152)» X4 (152), X5 (152)» xo (152), X7 (152),ECALO340
§ SMLA  (152) SMLB (152)» SMLC (152)¢ SMLD (152), OMLE (152),ECALO3S0
S EC (152) ER (152)» SMLQ (152), SMLM (152), B1GA (152),ECALOJ6D
® Bied (152), Cv (1%2)» BC (152), BR (152)» CHIC (152),ECALO370
7 CHIN (152), CAPAC (152)¢ CAPAR (152)¢ CRTC (152)» CRTR (152),ECALO0380
8 CRTPC (152)» GOFR (152)» FEW (152)» CAR (152)» OKLM ( 37) ECALO390
COMMON TELM  ( 37)r EXLM ( 37)¢ ELM ( 37)s FCLM ( 37),ECALO4OQ
1 FRLM ( 37)s wLM ( 37)r QLM ( 37)¢ AMASNO( 37)» CHRNO ( 37),ECALO4)g
2 IP) ( 37)» 2P2 ( 37)r SOLID ¢ 37)» ECHCK ( 37)s RK (104),ECALO420
3 RL { 37)» RHOK (10U4)» RDK (104)r THETAK(104), TEMPp ( 16),ECALO43D
& HEAD ( 12)» MAXL v MAXLM ECALOuyp
(o ECALO4SYO
' *sECALOUGY

<

EQUIVALENCE (LMDA(24)»

188)

120

C;ootoootoa-ootootataaottttootttt‘ttt‘0tQotatttttttao.a‘attattttt.t.aottECALOQ?O

ECALO48
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DiMERSION ExL2(1)
LGUIVALEHCE  (FCLAY thLb)
C ECALO890

C ECALOS00

IF (PUSHA) L 5S¢ >
1 IC = b
FRUM(1B) = FrL4lle) ¢ uTexe(la)
IF (EmINA = EICICUHL)) 20 20 10
2 iF YICU -~ 1G) 3¢ 30 10
3 ICbvg = ICL
Itv = [CoPl
1ICHPL = JCu + 1
CALL £05 (§Cpnl)
w0 10 10
$ IC = A
FRLM(18) = FRLMily) ¢ LTHeX2(]U)
1IF (1FIA( PUSHA) ,tu. 0) 69 T0 10
IF (S3) 1060 10U
o IF (EmINA 6T, LICICA)) w0 TO 10
IF (ILA (EG. 1) GO T0 10
ICAPY = ICA
ICA = ICAM)
ICAML = ICA - |
CALL LUS (ICA)
10 CONTHUE
DO 360 J = 1o MAAL
ELN‘J, - 0- >
IL = LMDALY)
NVAP 2 0
IF (1L +GE. 1A oANU. IL .LE. IB) HVAP = 1
IF (J EQ., MAXL) GO 10 115
IR = LMDA(JU*L) =}
00 110 [ = ILe IR
ELM(J) = ELM(J) * Gil)ek (D)
IF (IFIX(52) .tué. 0) GO TO 105
TEMP(1) = OELTAKR(]D)
IF (S10) 108, 3UJds 102
102 TEMP (L) = TEMP(1) & (3. » RiL1) o (K(1) + TEMP(R)) ¢ TEMP(1)892)
. 60 70 104 -
103 TEMP(1) = TEMP(Ll)elg,eR(]) * TEMP (1)) .
104 ERLM{J® = ERLM{J) ¢ RHO(]) » TEMP (L)
IF (17'x(s2) +ME. 3) GO TO 105
ELM{J) = ELM(J) ¢ KHHO(L) TEMP(L)
105 IF (I1FIX(56) .£G. 0) GO To 110
QLMiJ) = QLMIJ) + SMLG(1)#0TR
110 CONTINUE
115 1M = 1L
IMML = M -
IF (NVAP ,NE. 1) 60 TO 170
FRLM(J) = FRLM(J) * OTReX2( (M)
IF (IM .E@. 1) GO To 180
X = 6lIm)
IF (IFIX(BOILA) +EU. O +OR. IM +NE. 1C) 60 T0 160
6X = SOLID(24)+G(1DB) .
152 IF (PUSHA) 1600 100» 155

121
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195 alM(J) = 4LM(J) ¢ (P(IA=1)eG(JA) + PUIAYoGX)sRD(IAISDTR/(GX o
1 otIA)) o ACLIA)
0 TO 180 .
160 wlM(y) = alMiV) ¢ (PIIAME)OLX o PUIM)GUIMML) IORD(IM)ODTR/ZIGX ¢
1 6lImml))eAln)
60 Tu 180
170 IF (S3) 1800 179 1ley
175 IF C(Ip oHbe A JANU. 15 .tib. I0) FOLMIJ) = FCLM(J) + OTRe(X7(IM) -
1 DELTAS (n(IM)exH(]IV) - R{iMAL)OX6(EM)) )
180 CunTLiaut
IF (IRIX(SUMKA) L0000 6D TV 200
VO 190 I = 1A, luMl
199 ROO(1) = ROU(I) ¢ ER(I)O(SVIIIOPEI) « E(I) & (KOCLI)eRD(L) ¢
1 RUOCI+1)oRUUI+T) ) 7%,)e0TR
20V FRLM(1Y) = FRLMUI9) ¢ DTReXZINR)
PU192) = aMAXI(P(192), SOLIU(28))
RETURN ECALLlIg
[X1) ECALLIL12p
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@, 7 FUR £E05/0UT, ECS/70UT 057Ut 1

SUBRCGUT it ECSLUY)
c OUTPUT VERSIUN OF tUS == CHANGES TO USE THE RADIATION PRESSURE

CALCULATED 1t THe SCATTEHRING TwAfPCRT COULE

CAMPLILEY SEPTeMBER 1 1967 UL
C COMPILEL FEb, 1901907 4. SCIHLAUG
c 1HCLULLS SPLCIAL SLLT110H FUn X=HAY SOURCEL HQUTINE
C THAT HAKOLLS LePULTITION Do MULTTL ELEMENT MATERIALS
C COMPILLU ON MAT 31019656 AUULING TESTY ON NONEQ OPTION BEFORE
C TARLNHG PATH ==9
C CUMPILLU MAY 1d» 1Y66 bhY G. A. LANE
C COMPILLU MAY 1J» 1965. w5t TAKES ADVANTAGE OF nEW PATH (=3.) 1IN
C EIONX,
C
C COMPILED Ot MARCH 31,1960 ADDING COvMON FOR NHRAR (GE)
C
C.ououooooo.o.oootoo.uoocco.c.cao.oot.uco.oooo.ooo‘oooouccoot.o.o.ouo.oo
c .
Ce SPUTTERHN COMMON os
Ce o
Ce oo
COMMGy LMUACSI) » ik o WSHLR o 1A e 18 o ICA s ICB ’
1 KMAX » LLANKL, BLAK2Y OGLANKD, JAP1 o IUPY1 » ICAP1 , ICBP1
Z 11 v 16 o NRAD » wlLANK&, JAM1 » 18M1 » ICAM1 , ICBMI ,
3 TIP1  » luAl » TALPHA, UlLANKS, T4 s TMAX , BLANKG6, DELPRT,
4 FRELG o CNTHAXe AR ¢+ ASMLR » PUSHA » PUSHO » ROILA , B0OILU
5 Cva r CVL e SLUG ¢ ALPHA » tIVA r HVB ¢+ HCA s HCB ’
[} EMINA ¢ EMIcip » CA » CB v GA v b ¢ GL ¢+ GR ’
7 RHOL  + RMOK o EPIO  » ePSI o+ RIA ¢+ RIB » KOIA , ROIB
8 RFIA » RPIB  » HPULA » KPOIY o TPRINT, TA ¢ 18 e TC
COMMON TV ¢ Tk e TH2 o UTH2P » UTHY » DTRMIN, DTMAX
i OTMAX1, DTMAX2s DTMAXRS, DTIR ¢+ SWITCHs CO ¢ CMIN , UDELTA
2 GAMA o WCKIT » SIGMAUs AC ¢ ACOJTU, CNVRT , SUMRA ,» SUMRYH
3 ROIA » ROIAM1, KROIH » ROJIBP1l, GMS v S v S2 ¢ S ’
Y Sy » 25 ¢ So ¢ S7 + S8 v 59 v S10 ¢ S11 ’
5 S12 ¢ S13 v Siu v 515 v S16 v S17 v 518 v S19 ’
[} sS2v v EO v FO ¢+ TAU ¢+ ZERO ¢ R (152)» DELTAR(152),
T ASQ (152) ¢ RUL (152)+ VD (152)» ROO (152), SMLR (152),
8 UVELK ( 3T)e P (152)¢ P} (152) PH (152), PBL (152)
COMMOI P2 (152) ¢ SV (152) » RHO (152), THETA (152),
1 » (152) E (152)¢ E1 (152)» EK (152) 0 A (152),
2 Vv (152)r 6 (152)» O (152), C (152) ¢ X2 (152)
3 X3 (152) ¢ X4 (152)¢ XS (152)¢ X6 (152)» X7 (152),
& SMLA (152)¢ SMLB (152)¢ SMLC 1152)¢ SMLL (152), SMLE (152),
S EC (152)» ER (152) ¢ SMLU (152)» SMLH (152)¢ DIGA (152),
6 Bloy (152)¢ CV (152)» BC (152) . @R (152) CHIC (152),
7 CHIK (152)¢ CAPAC (152)s CAPAK (152)¢ CRTC (152)¢ CRTR (152),
8 CRYPC (152)s GOFR (152)¢ FEW (152) ¢ CAR (152), OKLM ( 37)
COMMON TELM ( 37)¢ EKLM ( 37)¢ ELM ( 37 FCLM  ( 37),
1 FRLM ( 37)r wlM { 37): QLM { 37)0 AMASNOL 37)e CHRNO ( 37),
2 2P} t 37, 2P2 ( 37)e SOLID ( 37)s ECHCK ( 37)¢ RK (104),
3 RL t 37)¢ RHOK (104)¢ RDK (104)r THETAK(LOW)» TEMP ( 16),
& HEAD ( 12)¢ MAXL ¢ MAXLM
C
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NOOO

COMMON/LMSZ BIONILZ20)
EQUIVALERCL(LIOHI ) o 2/ )
EQUIVALEHCE(R IO P ol Coutg)d

LY ]
-
2008060000848 45080000 0800 08 . 0800088008005 00380000000008090080080000800 8

COMMOR/LMSE/MATE - LEMET ST AFU I 1002013019015, 16,(7,18:19:1100J1,

€ J2rdIeJurdYe ot

DATA MATEKL ILL Testabur (Bo02e13018,15016017+08,19¢1100J10J2¢J30
& J4rJSeJ6rJT/20 et TeLy

EQUIVALENCE (LeHATEKL)

EGUIVALENCE (S IAFUPPATIH)

COMMO- “LMSC/ M1

UIMENSION 2(S1PART( *)

EQUIVALENCE(M L) oHOLMIIT o (MU2) 12020 )4 (M(3) PART(3))
COMYON/LMSD/ TLH4L (1 30)

EQUIVALENCE LTLAS(15) 2020 TAL )

EQUIVALEMCE(TL49(16) +DZ0UIHT)

COMMON/CHTRL/ZSCTYCLY s UMULT
COMMOII/ 6L/ NDAR
REAL HUAK
NBARS 1,
IF(SOLIV(LB) . E3.5.YCLT) [1U=0
12 Ju
IX 2 NR -}
NX 2}
IF (PUSHA) 203,20,302
302 IF (1 = 1aMl) ()02
303 IX = KR

NX S =]
IF (1 = 10) 210l

1 ECL)SCVAS{THETALL)=,025)
Cvil)=Cva
PBL1(1)20,0
P1(1)=0.0
GO TO 500

2 CONTINUVE
DO 100 J=1» MAXLM
IF (J=LMOA(J*L)) 946+¢6

S SoLlpt20)=1
soLlptet)=l
SoL1Dt22) =y

IF (OKLM(J) +Eqs 0. ) GO TO &
MATERLAL NUMUBER OF ZERO LEAUS TO AN ERROR EXIT
IF CINT(OKLMIJ)) +EQ.0) wO TO }
MATERJAL NUMBE- LESS THAN ZERO AND GREATER THAN =1 OR GREATER
THAN ZERO AND LESS THAN ONE WILL BYPASS ALL EQUATIONS OF STATE,
“IF (OKLMIY)) 304057
J L= ¢5=0KLM(J)
EROR= -2,
GO TO 58
& CONTINVE

OoNn 0 o

124

EOS 1070

E0S 1120
E0S 1130
E0S 1i4p
E0S 1150

EOS 1170
EOS 1180
E£0S 11990
E0S 1200
E£0S 1210
E0S 1220
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[a N gl (o] [a X g}

(2]

57

8

10

23

60
ol

52
55

51
53

S4

901

MATERIAL (iUMGE~ OF ZERC LEADS TO aM ERAOR EX1TY
S1 = ».000%

SALL UNCLE

OKLM(J) NOT PROFERLY E:1TewmEy 101 INPUT

Ls WSkl tHJ)
tRORZ 0.
IF ((1=I000i03 o010 sadbe ZPLIL26) 41k e0,) LROR = =3,0
CONT InUE

IF (L.LE-200 URsL.GE301+AN0L,LE,400) GO TO 7
IF (L «bU. .Ub «AlLe S¥LALL) .GT. RHOR) GO TO 10
10 AVOIU *EIGHX*'y 5eT A1CH «£Q. 1.E36,

60 10 8

COMTIIUL

THIS PATH IF CKLM(J) .tL. 208, FORCES 'EIONX’ IF AND ONLY IF
TEMPERATURE OF Zutt AT STAFT OF CYCLE «6T, RHOR.

L =102

60 10 7

conrlnue

THIS PATH IF OKLM(J) .LU. lu2, FORCES 'ES8' IF AND ONLY IF
TEMPLKATURE OF ZUIk AT START OF CYCLE .LE. KHOR.

L = 208

60 T0 &

CONT IvUL
IF (L .EU. 102 «AiU. SYLA(I) ,LE. RHOR) 60 TO 23

TO AVOID 'E58* SLT KHMOK £G. =1.L38.

IF(L.EQ. IOI.OR.L.LG.lUd.OR.L.tQ-b.OR-L.EQ.306) EIO“(‘“):RIA

IF(ERUK.LQst=3.0)) ZBAKR = Fiw(l)
IF (ORLM(J) .GT. 100.) GO TO 60
CALL EIONMS(THETA(I)»SVII)sLeEROR)
60 T0 61
CALL EIONX (THETA(E)»SYV(1)rLeEROK)
ConTIIUE
1F (L,GE.201 .AND., L .LE, 300 ) 60 TO 9
NBARZ EI0i(T)
IF (S11) 54,52¢51
IF (LROR) 53+5%+55

Ssi1s EROR ¢ 100G, ¢ FLOAT(I)
60 TO £
oF (ERJR) 53:54954
S11= ERUR=FLOAT(1)#1060,
CONTINUE
IF (EION(14) LEQ. 0. ) GO TO 901
Sis El0rtila)
CALL UNCLE

EION(14) IS SEV EQUAL TO ZERO BY ANY VALID EXIT

CONT INVE
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11
12
13
14
15
16
17
18
19
20
21
22

100

200
199

404

156
201

400

1
401
S00

PiIlI) = LIOMLT)
E(LY = ELONLS)
IF ((I=IX)8)ik.GV.0 oAlUs ZPL126).1i£.0.) GO TO 209

Cvil) = eION9Y

£5Q(]) = plGielll)
FEm(]) = £lOULY)
PULLI) = ElONLLIVY

IF (R1b.£0.0.) GO TU 199

IF (Sv(l).GE.SULIuiLT)) WO TO 199

PLEI) = PLUL) ¢ 1.E126(SULIVILTI/SVILI=1,0042

ASUL]) = SOHTIASU(L1)ee242,E12eSOLIVILT)(SOLIDILTI/ UV =},))
w0 To 19y

CONT [HIVE

COMTINUE

| L=200

G0 TO (11+32013924015,16417+18+109:20021+22)4L
CALL £51

60 T0 20v

CALL ES2

60 T0 200

CALL £S5

60 TV 200

CALL €S5S¢

60 T0 200

CALL &5

60 TO 200

CALL ES®

60 T0 200

CALL &57

60 TO 200

CALL S8

60 Tu 200

CALL £59

60 Y0 200

CALL £S1v

G0 T0 <00

CALL ESIL

60 Yo 200

CALL ES12

60 T0 200

CONT INUE

CONTINUE

ASG [S SPEED OF Suuiw

ASY(f) = SORT(.25¢GAMASPL(L)eSV(L1))
IF (IFIX(S2) .EQ. 3) GO TO 4ou
G0 Tn 150

PL(L) = RHOCL) & 0.3333333 + PLL})
G0 TO 40V

IF(RPIA)4000201,400
TEMP(1)STHETA( ) eed
PLILISPL(L) 4. 5¢(SMLRIT)+5MULRIL#1))
PBLUL)IZS137.0sTEMP (1) ¢PBL(])
ECIIZECL)+137.0TEMP (L) a5y L))
CVILISCV(L) ¢548.00TEMPIL) /THETALL) *SV (L)

IF (S4.NE.0.) GO TO 401

IF (ECHCK(J*171.EueUe) ECHCK(U#1T) = HVA ¢ HCA = 1.5 & AMASNO(J)

$(HCA/CVA+4025)8(1./HBAR + FEW(]))
E4L) = E(f) + ECRCK(U+1T)
RE.TURIN
ENO

126

E0s
EOS
€0S
£0S
€0S
EOS
€0s
EOS
EOS
€0s
EOS
EOS
EOS
€0S
EOS
€0S
EOS
€£0s
E0S
EOS
EOS
E€0S
EOS
EOS
EOS
EOS
EOS

EQS

EOS
EOS
EOS

EOS

1240
1250
1260
1270
1280
1299
1300
1310
1320
1330
13460
1350
1350
1370
1380
1399
1400
1410
1420
1430
1440
1450
1460
1470
1480
1499
1500

1520
1540

1550
1560

1580
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@, FOR RAD/oLe RAU/LLe KAD/ULL
SUWUROUTINE RAD

C,MPILEU OCTOLER 9 1907

sl

COMPTIOI SCALTEKING wlfty UPTIUVI FOic THOMSON SCATTILRING

C UNIF el RAUIATION COUE == PLAbt OR SPHERICAL TRANSPORY
C DIFFULI0N T PLAKLY CYLLWWKICAL, O SPHEX]CAL GEOMEIRY
CAVEAT., MIATUKE OF THALSHORT A4D OIFFUSION N CYL. GEOMETRY PROHIHMITED.
c.......-...-.o.t-oooooo00000000-.00-.0-00....-0....-....-0..00cooocoo‘.PR‘D
Ce SPUTTe R COMMUMUN *oPRAD
C «PRAD
COMMON LMUA(ST), WK ¢ {{SMLR o 1A e 1B ¢+ ICA o ICB +PRAD
1 KMAR o ULANKL, UGLAF e oLANK3, 1APL o« 1BP1 o ICAPL ,» ICAPL ,PRAD
é Il e 16 o HRAD o+ oLANKG, JAM1 o @Ml o ICAM] , ICBM1 ,PRAD
3 11P1 v Lol e TALPRA. ULANKS, TH s TMAX ¢ BLANKG, DELPRT,PRAD
) FRLG o+ CnNTHAX, AH + ASMLR o PUSHA » PUSHE » DOILA , BOILB +PRAD
L CVA ¢+ Cvd ¢ SLUG o+ ALPHA , HVA ¢ VR s HCA ¢+ HCB +PRAD
] EMINA o EMIIIY o CA ¢ LU ¢ GA ¢ 6B ¢ GL ¢ GR +PRAD
7 HHOL + RROR o EPIO o EPST o RIA ¢ RIB + ROIA , ROI8B ,PRAD
8 RPIA o+ RPIB ¢ RPDIA » #RPOIB » TPRINT, TA v 18 v TC PRAD
COMMO1 T0 e TE ¢ DTH2 o+ DTH2P » DTH1 .+ OTRMIN, OTMAX ,PRAD
1 OTMAX1, UTMAX2e DTHAX3, UTR ¢ SalTCh, CO e CMIIi o+ DELTA ,PRAD
4 GAMA o+ WCRIT » SIGMAJ. AC ¢ ACO3T4,» CNVRT o+ SUMRA , SUMRY ,PHRAD
3 ROIA .+ ROIAM1, KOIY o HOIBPLl, GMS ¢ S1 v S2 ¢ S3 +PRAD
4 S4 ¢ SY ¢ Sb ¢ 57 ¢ S8 v S9 ¢ S10 s S11 +PRAD
-] S12 ¢ S13 ¢ S14 ¢ 51% ¢ S16 ¢ S17 v S18 v 519 +PRAD
] S2v ¢ EO ¢ FO ¢+ TAU ¢+ ZERO o R (152)¢ DELTAR(152)PRAD
7 ASQ (152)» RO (1%2), VO (1%2) ROD (152)0 SMLR (152),PKAD
8 VELR ( 37)e P (152), P} (152). PB (152)., PB1 (152) PRAD
COMMON P2 (152)r SV (152) ¢ RHO (152)0 THETA (152),PRAD
1 (152) E (1%¢)r EI (152)¢ EK (152), A (152) ,PRAD
4 v (152)¢ G (152)» 0 (152). C (152}, X2 (152),PRAD
3 X3 (152)0 X4 (1%2)e X% (152)¢ X6 (152), X7 (152) «PRAD
§ SMLA  (152)¢ SMLB (152} SMLC (152)s SMLD (152)s SMLE (152),PRAD
5 &C (152), ER (1%2)0 SMLO (152)¢ SMLH (152)» BIGA (152),PKAD
6 Bley (152), Cv (1%2)r BC (152)¢ BR (152)., CHIC *152),PRAD
7 CHIK (152)s CAPAC (152)¢ CAPAR (152)s CRTIC (152), CRTR (152),PRAD
8 CRTPC (152)r GOFR (152)¢ FEW (152)¢ CAR (152)s OKLM ( 37) PRAD
COMMON TELM ( 37)e EKLM ( 37)¢ ELM ( 37), FCLM ( 37),PRAD
1 FRLM ( 37)» ¥LM ( 37)¢ OLM ( 37)¢ AMASNO( 37)» CHRNO ( I7),PRAD
2 ZP) ( 37), 2P2 ( 37)0 SOLIO ¢ 37)r ECHCK ( 37)» RK (104) oPRAD
3 RL ( 37)s RHOX {(104)» ROK (104)r THETAK(104), TEMP ( 16),PRAD
4 HEAD ( 12)s MAXL » MAXLM PRAD
C sPRAD

COMMON /CHTRL/ SCYCLE» JidULT

COMMON /DAVIS/

X(4000)

ICxe ICY

c;....oototco.coo00.octco.c.o-.oc.tocototococ-co0.0.-...0ot.cooog.c.t.ccPRno
CoMMON /L INLLY/ HidU» SGHIL ¢ THNU» NHNU s HNUP o NT o IMe INo DHNU» THICK  NY

PRAD
PRAD

COMMON /PALMER/ FIU(152), FI1(152)s F12(152) FI3(152)s FGO(152),
2 Fa1(152), FQG2(152)» FQI(152), JDRUM’

COMMON /JIM/ HNN» FMUes R1e R2e HOe EST, 11, 12

2 FS» LUFs LRI+ 12ZnNe TGLle TG2e F2

DIMENSION €SGO (1)+ PR (1)e FM (1),

1 H3 (1) H4 (3)e FMS (1)r G} (1)
127

r GMPe ALr Ad

H (1)» H2
16 (1), Q3

FMUS»

PRAD
(1),
(1),

00

70

80

90
100
110
12¢p
130
1u0
150
160
170
1a0
190
200
210
220
230
2680
250
260
270
280
290
300
310
320
330
340
350
360
370
380
3990
400
410
420
460
470

500

B o il

S L
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£ w7 (I)e wIB (1ie SUMaZ (10 SUMZE3 (1), SUMX4 (f)e X8 (11,P S5%0
$Y (11 12 (311, L& (110 FLL {1)s TR {1)e FSM (1),P
8 FSP 1) P
C P 570
EQUIVALENCE (ACUSTu s THOBG) e (BC 'SUMXL) e (BIGA oY )P 580
1 (BIGs » M do (L L) Yo (CAR  ,Q37 )+ (CHIC +SUMXI),P 590
4 (CHIR 2033 o (CRTR oSUMX2)e (X7 PR )e (GOFR +G3 1oP 600
3 ( PB (Gl be (512 JEUITMFI, (EC 1H2 Je (W  0X 1.P
& (SHLA obdS Do (S4B oFL Yo (SMLC +TR o (SMLH oHu& )P
o (ER 23] o (V ' 76 bo (SMLD +FSK )¢ (CRTC +CSID )P
-] tay (B P Jo (X4 ' X8 bo (SMLE FSP ) P
c...‘.o.o00.0...0000000.00..00oooo.oo.ooooo.oooooo.oo.0.0.0........00.0.? 660
< oP 670
< OXx CONTALINS X FHUM THE PREVIOUS Y LINE oP 680
C oP 690
C CSOU  SAME AS  CRTC sP To0
< EVITHF SAME AS Si2 oP 710
< QI SAME AS PH oP
C FM SAME AS ER P
C H SAME AS B1GH oP Tep
< H2 SAME AS £C oP
C H3 SAME AS BR oP 760
C He SAME AS SMLH oP 770
C PR SAME AS X7 oP
C FMS SAME AS SMLA oP
< FL SAME AS SMLU oP
C TR SAME AS SMLC oP
C Fou SAME AS SMLU oP
C FSP SAME AS SMLE oP
C Y2 SAME AS XS oP
C ox SAME AS w P
C 16 SAME AS v oP
C Q3 SAME AS GOFR oP 830
C Q37 SAME AS CAR oP 840
C Q38 SAME AS CHIR oP 850
C SUMX2 SAME AS CRTR oP 860
C SUMXI SAME AS CHIC oP 870
C SUMX4 SAME AS ac oP 88¢
C TROHBG SAME AS ACO3T4 P . 899
C Y SAME AS BIGA oP 910
C X8 SAME AS X4 oP
C P 9ug
C'80000000000000000000000000000000000300000000000098000400840000008s0000PRAD 800
< PRAD 899
C SOLID(A7) (S THt SCATTERING COEFFICIENT P .
C SOLID(36) IS THE COMPTON SWITCH. ZEROs» COMPTONI NONZERO» THOMSOMN,P
C FI0e FIls FI2¢ FI13¢ FREGUENCY=-DEPENDENT SCATTERING SOURCES,
C READ IN FROM DRUMs ALTERNATELY FROM LOGICAL UNITS 25 AND 26,
C RECIPROCAL ELECTRON REST ENCRGY IN EVee=l IS 1.95692E-6
JOMX = 4000
Te = 1.

TAX = ABS(SOLID(37)) s 1.95092E~-6

IF (ABS(SOLIC(36)) «GT. 1.,E-20) TAX = 0.
JORUMI = 51 = JURUM

REWIND JURUM

VVPVOVVOOVO
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[aNaKal

[aXaNal

30

%0

100

101

102

103

104

HeelliU JUKUM]

IM=lcnal

e=1A

IMPI=ime]

Sz ite-1

CALL UvCHx (nOuUFX)
caLbL pVER I

IF (1aPl=fte) dUedurbel

NO VAPOR 20mnES

X2(1MPL) = 1,0285002 o ACIMPL) o (THETA(IMIees - THETA(IMPL)sod)

ERCIMIZ=R2(IMP LD
60 To 1320
THTAMX = ,02%
00 10U I=iNeIM

SET UP FOKR KAKFPA INTERMOLATION

QLUI)STHETA(]) sou

Q37(3)=ALOG(THETA(I))

@38(1)=ALOGISVIIND

FMS(E) = ABS(SOLILIATI) o 0.5 /7 Svil)
CSAD(I) = C(l1)ee2

IF (TMETA(L) .GT. THTAMX) THTAMX = THETA(D)
CONT L1ivt

IF (THTAMX oLTe THETACEIMPL))  THMTAMX = THETA(IMP])
IF (Qieml .GT. U <ANU. THTAMX LT. THETAUINMD))
IF (THTAMX oLT. 0.05 .A%W. GL LT, 1.=30 <AND. inml

2 60 Ty 132V

CSQD(IMPL) = C(1APL)ee2

IF (apS(SOLIUCST)) +oT. [.E-20) (R = M
1rUZ0

CALL KAPPA (I i)

MINIMUM RADIATION Ty STEP

'Sa=°0

DO 161 IS1eMAXLM

4S3ZaSLPELML(])

DIR1zZ1.E10

OTR2=1.E10

00 107 I=INeiM

IF (AMINI (CAPAC(I)+CAPAR(1)).GT.0,) 6O TO 102
$1=13.0102

CALL UICLE

IF (AuS(SOLIL(IVY) LLT. 1.E-20) GO TO 103
TEMP(1)SCAPAK(])

TEMP (3)=CAPARI(L)

60 T0o 10%

TEMP (1 )SCAPAC(T)

TEMP (J)SCAPAC(T)

IF (THETA(I).LT..p01) GO TO 107

HUL) = «SeTEMP(1)/5V(1IeDELTAR(L)
TEMP(3)21,.EL00

TEMP(2)=1.£10

asSEBzE (1) eG(])

129

P

PRAD 930
PRAD 940
PRAD104O
PRAD10SO
PRADI060
P

PRAD\CT0
PRAD10BO
PRAD1090
PRADLIO0O
P

PRADI120
PRAD1130
P

P

PRAD12S0
PRAD1260
PRAD1270
PRAD1280
PRAD1290
:RAO!SOO

P
P
PRAD1380

THTAMXSTHETA T INML)P

AR R RARREARE AR R R R R EREREDEE R R
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IF (ASSUERLL)) oLT. 1.E=20 .0r. w50 LT, +00. o wSH) GO 1O 105 P

C ACCUKHACY CRITeHIOH P
TEMP (1) SSLUGs aSHU/ABSILF (1) ) P

c STAGILITY CRITEAION P
105 TEMP(g) = TELMIZY) o (ARIHLITEMPIL) )y (o5 ¢ 1.5 ¢ HII)ee2) o CV(]I/P
1 (%.11325120TE-PUJ)eTHETA(L)0e3))) : P

IF (TeMP(2) LT. 1e£=20) GO 10 107/ P

IF (TeMPi2).61.0TRY) G0 Ty 10w F
DTR2:uIRL P
IMK2SIMN] ]
DIRLI=TemP (2) P
fMNLZ) P

w0 Tu 107 P

106 IF (TEMP(2) 46T UIK2) O TG 107 P
DIR2z1EMp(2) P
1an2z] p

107 CONTII P
OTRMINSDIRL P

L0 Imnd P

IF (OTH1.GT.TELM(Z26)) GO TO 1luB P
YELM{20) 20 TR] P
TELMIZT)SImNL P
TELM(28)=0THe P
TELM{29) S IMNZ P
TELM(30)250L L 1o *L . P

108 JF (LTRMIN=UTR) 1110132,109 P
109 BLAMKISTHOAMLINLIUTRMAINIGRODTH2) P
GO TO 112 P

111 NRADSZPL(18)/0TRAIN ¢ 1, P
UIRSEPLI(LIB)ZFLUAT {HIRAD) ]

IF (HRAD LLE. 50) G0 1o 112 P
S1213.0112 P
CALL uncLe P
112 CALL OVCHKIKA) P
60 TQ (1500160)» KX P

150 S1 = 13.01%0 P
CALL UNCLE P
160 IF (GL «GT. 0o) IR = IM P
GO TO (128 1120 113} IALPHA P

P

[-]

-]

-]

-]

-]

P

-]

c
C ARACTEKISTICS IN NONPLANE GEOMETRY == SET UP X AND Y OUTSIN: FREG LOOP

(4
113K =0
DETERMINE wHETHER TO SKIP ZONES WITH Y=LINES
118 Ki13K
¥Y(1)20.0
Xst1) = 0,0
K1 P
CoP00t009000000808000000usdstosetotosastststssstssstssssssosstssssasstsesP
¢ P
¢ SET (VI Y LIKES oF
¢ P
CotSOrato0ostettttssesssstistsssestosstatotatossitesttssssetesnnsnsnntessp
¢ ORAW Y LINES===ONE FOR EACH LARGE TEMPERATURE CHANGE P
(4 FORCE Y LINE Oil SURFACE OF SOLID IF ANY P

130

1470
1500

1530
1540
1550
1560
1570
1580
1600
1610
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C NO Y GREATER TuAMN C(IR+1) P
C P 1630

IF (IiN «LEe 1) 6GU TO 115 P

JK = 2 P

Y(2) = C(IN) P

x4(2) = Ccsau(iu) P .

115 VO 118 I = Ine IR P

IF (ABS(G37(I+1) = G37(1)) = 0.5) 117, 117, 116 P

116 JK=JK+1 P
Y(JKI=C(1+1) P 1670

X4 (JUK) = CSub(I+l) P
K1=K P 169¢

GO TO 1148 P

117 IF (K1 «LE. 0 +OR. 1 «EG. IR) GO TO 116 . P

K13K1=1 P

118 CONTINUE P
NY=JK P 17ug

GO TO 120 P

119 K=K+1 P

IF (K +LE. 10) GO TO 114 P

51 = 13,0119 P

CALL UNCLE P
C‘t#v#t#t####t#ttt##tt##tt#tttt#tttttt##‘##t##t#t#ttt###tt#t###tt#t#ttttp 1780
o . &P 1790
C FIND COMPLETE SET o F X VALUES P 1800
o : (INTERSECTIONS OF RAUII WITH Y LINES) *P 1810
(o *P 1820
c.t::-::t::tt.:tt:::tt:t~t:tt‘c:‘.:.:.t‘:::‘:4::*.:::::t:t:;:tt:t::gt:ttP 1830
: : P 1849

o FORMAT=Z =Xu» =NUMBER OF INTERSECTIONSeX*S, P
o P 1860

120 K2=1 P

DU 125 J=2+¢JK P
I=IMPL P 1890

X(K2) = =x4(J) P
K23K2+2 P 1910
KK=1 P 1920

121 TS1 = CSQD(I) = Xu(J) P

IF (TS1) 12u4s 12u4r 122 P

122 X(K2)=SQRT(TS1) P
K2=K2+1 P 1960

IF (K2=1DMX) 123, 123s 119 P

123 I=I-1 P
KKSKK+]1 P 1999

GO TOo 121 P
124 KKK=SK2-KK P .
X(KKK)S=(KK=1) P 2020

125 CONTINUE P

o FINISH X=-BLOCK wiTH A NEGATIVE NUMBER P
X(K2)==1.0 P 2070
[ ####t##t#tt#t#tttt####t##t##t#tt‘#t‘tt##ttttt#ttt#tt##ttt‘#ttt‘#ttttttpﬂkoluzo
€* #«PRAD143¢0
C BEGIN FREQULNCY LooP . ®*PRAD1440

C.t#tttt#t##t#t#t##t#t##tttt#t‘#t####tt#‘#tt##tt‘t#t‘t#t##‘tt##t‘ttttt#tPRA01“60

c

131

PRAD1480

-

e e
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C
C

SET UP MAX FREJ BOUNDARY

CoMPTON SCATTLERING FORBIDS VERY HIGH FREWUENCIES.
C

128

129

o000

210

220
240

(g XN gl

310
350

360
370

OO0

430

THETAK(103) CHOSEN TO DB COMPATIBLE WITH KAP6/JP
HNUP = THETAR(103)

IHNU=L

DO 129 I=INe]NPL
Xuil) = 0.
Fuoll) = 9.
Faltr) = 9.
Fa2tli) = 0.
FQ3ti) = 0.
RUD(I) = EK(D)
EK(I) = 0.

SMLR{(I) = 0.
SUMX2(1)=0.0 .
IF (KMAX .NE. 0) GO TO 310

MONOFREQUENCY CALCULATION

NHNU=1

DO 220 I=INeIM
Xotl)=wi(l)

DFB = 1.0

HNU = .001

DHINU = THETAK(103)
ICX = IM

ICY=IN

G0 TO 460

TYPICAL GROUF CALCULATION OF SOURCES

CALL KAPPA{INYIM)
&z = 0,

DHNUP = DHNU

UHNU=HNUP=HNU

ICX = IM

ICY = IN .

IF. (6L +LT. 1.E-20) GO TO 370

DO 360 1=INeIM

DFB = PLNKUT(HNU / THETA{I)s» HNUP / THETA(I))
X6(1)sDFBsG1(I)

GO TO 460

DO 450 ISINeIK

BETASHNU/THETALD)

AVOID CALCULATION OF DF8 LESS THAN 1E=5
IF (BETA +GT. 19.) 60O To 430
BETAP = HNUP / THETAL(I)
IF (BETAP .GT. 0.01) GO TO 440
X6(1)=0.0
GO TO 450

FORM SOURCE X6

132

PRAD1490
PRAD1500
P

P

PRAD152¢

PRAD207¢0
PRAD2080
PRAD2090
PRAD2100
PRAD2120
PRAD214¢
PRAD2180
PRAD2190

PRAD2220¢
PRAD2230
PRAD2450
PRAD2460
PRAD247¢
PRAD2480

PRAD249¢
PRAD2610¢

PRAD2640
PRAD2650
PRAD2660
PRAD2670
PRAD2680
PRAD269¢
PRAD2700
PRAD2710
PRAD272¢

PRAD2860
PRAD2880
PRAD289¢
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OO0

OO0

440

450

452

460

470

480

490

500
510

512
515

520
530

540

542

PRAD2910
DFB=PLNKUT{BETA»BETAP) PRAD2920
X6(1)ZDFBsQ1(I) . . PRAD2930
CONTINUE PRAD2980
CALL DVCHK (KX) :
GO TO (452¢ 4601 KX
S1 = 13,0452
CALL UNCLE
IF (INM1)  470¢ 490 480
PRAD3000
SET BLACKBOUY CONUITION FOR IA GREATER THAN 1 PRAD3010
PRAD3020
S1 = 13,047V
CALL UNCLE PRAD3040
UFB = PLNKUT (HNU/THETA(INM1) +HNUP/THETACINML)) PRAD3050
X6(INML1) = DFB * THETA(LiML)®et PRAD3060
SET BLACKuODY CONUITION IF CESIRED FOR IMPL PRAD3070
IF (ABS(GL = 0e¢5) +6Te 1.E=5) GO TO 510
IF (ABS(THETA(IMP1)) .LT. 1.E=20) GO TO 500
FMSCINML) = U,
UFB = PLNKUT{HNU / THETACIMPL)+ HNUP / THETA(IMP1)) PRAD3100
X6(IMP1) = DFH * THETA(INPL)®et PRAD3110
FMSC(IMPL) = 0
G0 TO 510 , PRAD3120
X6(IMP1)=04 PRAD3130

IF (ABS(SOLIU(37)) +LT. 1.E=-20) GO TO 515

SCATTERINGs SET RAUIATION REGION ACTIVE THROUGHOUT: [.RING IN DATA
FROM DRUM, AND SET UP CO~PTON SCATTERING FREQUENCY PARAMETERS
ICY = IN .

ICX = IM

READ (JORUM) FIl0, FIle FI2s FI3

HNUX = AMINLGHNUP, 1.E5)

GAMMA = AMIN1(0e2s 0.9764nE=6 * (HNU + HNUX))

ALP = HNU=2#22 7/ DHNU = 1.95692E=6

IF (IHNVU .EG. 1) GO TO S12

A3 = HNUXe$2 / OHUP * 1,95692E-6

Al = ALP + 3. ¢ GAMMA

GMP = 1., - 2. * GAMMA

@31=0.0
PRAD3150
© FORM ROSSELAND AND PLANCK OPTICAL DEPTHS PRAD3160
PRAD3170
00 S70 ISIN/IM PRAD3180
IF (CAPAR(I)) 530,530,520 PRAD3190
IF (CAPAC(I)) 530,530,540 PRAD3200
S1=13.0530
CALL UNCLE PRAD3220

TAUX = AMAX1(SOLIUL(37)¢ D,)

SPECIAL CODING TO FORCE KAPPAS TO HE AT LEAST 0.2
CPC = AMAXL(CAPAR(I) + TAUXs» 0.2)

HHTAX MUST B LIMITED TO 2 + GAMMA # KAPPA(S) = .08
HHTAX = AMIN (TAX # (HNU + HNUX) ¢ 0.08)

GO TO (542, HU4r S4u)s IALPHA

Qal = G(I)

GO TO 546
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544
546

wal = (C(]
CPA = CPC
H3(I) = CP

+1) = C(1)) 7 5v(l)
= nHTAX
A s JQl

C,,00SE ALL ROSSELAND IF SOLIL(10) IS NONZERO
GV TO 55¢

[ XX g

550

560

570

IF (ABS(SO
H2(1) = H3
H(I) = CPA
60 TO 560

CPY = AMAX
H2(I) = ¢CpP
H(I) = CPB
WILSWIL14HD
Q3(I+1)=0J
H{I) = 0.5
H2(I)=0ebHs

LIVG10)) «LT. L.E=20)
(I
/ Svil)

1(CAPAC(L) + T.UXe 0.2)
B » QQl
/7 Svi(l)
(1)
1
s H(I)
H2(I)

HI(1)=0e54H3(1)

Xe(1)=0.0

X3(I)=0.0

X4(1)=0.0

yell) = o,
TelI) = 0.
RHO(I) = 0
PR(I) = 0.
FL(I) = 0.
TR(I) = 0.
X2(ImPL)=0
X3(IMPL) =0
X4 (IMPL)=0
TG(IMPY) =
RHO(IMP1)

PREIMPL) =
FLUIMPY) =
TRUIMPL} =
Y2(IN. =Xo(

 Te(INIZU.0
FOKM Y2 AND TG SET X3==1 IF A DIFFUSION CRITERION MET USING HCB

600

610
620

630
640

650

ICXMLSICX=
IF (ICY.GT
00 640 I=1
TEMP(1)=H3

o0
)
o0
0.
S 0.
U.
0.
Ue
IN)

1

«ICXM1) GO TO 650
CYrICAMY
(I+1)+H3(I)

IF (AMAXL(X6(I)eX6(I+1)) LT 1.E=30' GO TO 610
IF (ABS(LH3(1) = H3(1+1)) /7 TEMP(}))
IF (ABS((X6(I)=X6(1+1)) / (AK6(I)+X6(1+1))) .LT.

T6(I+1)30.
60 To 640
TG(I+)=(X

0
6(1+1)=x6(1)2/TcMP(1)

«6Te 0,333)

Y2(141)2(X6(1+L)eHI(I) +Xa (1) sHI(I+1))/TEMP(L)
FORCE TRANSPORT FUR RAPIULY VARYING SOURCE OR POSITIVE HCB

IF (ABS(TG
X3(I+l)z==}
CONTINUE
FORCE DIFF
IF (HCB)

(L¢1)) «GT, Ol & Y2(I¢1)

«0

USION FOR NEGATIVE HCB
651 6550 655

134

GO0 Y0 610

0.,333)

+ORe HCB .GT. 0.)

GO To 620

GO To 640

l

PRAD3280
PRAD3290

PRAD3310
PP.AD3320

PRAD333¢
PRAD3340
PRAD3380
PRAD3390
PRAD3400

PRAD3420
PRAD3430
PRAD3440

PRAD3S2¢
PRAD3S70
PRAD3580
PRAD3S599
PRAD3600
PRAD3610
PRAD3620
PRAD3630

PRAD3680
PRAD3690
PRAD3700
PRAD3I 740

PRAD3760
PRAD3I770
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OO0

(s X 2Xg]

65

652
653

654

655

IF (GL +GTe V.9) GO TO o054
INPl = IN + ]

X3(1) = -1,

VO 653 I = InPLl, IM

Q = H3(I=1) + A3(])

IF {Q@ +GT, 0.) GG TO 65¢
S1 = 13.0652

CALL UNCLE .
TG(I) = (x6(1) - x6(I-1)) / @
X3(I) = =1,

GO TO 655

S1 = 13.065%4

CALL UNCLE

LAST ZUNE MUST oSE THRANSPORT IF EXTERNAL INPUT INVEMSITIES PROVIDE)
IF (GL +GTe 0.9) X3(I') = 0.0

IF (ABS(GL = 0.5) +LT. 1.E=5) GO TO 690

Y2(IMPLI=X6(1CX)

T6(IMPL)=0.V

EXTEND TRANSPORT REGION BOUNDARIES TO PROVIDE 5 MEAN FREE PATHS

690

692

700
710

720
730
740
750
760
770
780
790
800
810

820

830
840

IZIN+1

CALL DVCHK(KX)

GO TO (692¢ 700)¢ KX
S1 = 13.0692

CALL UNCLE

IF (X3(I)) 7107300720

1141

IF (I-ICX-1) 700+730+820

$1213.0720 .

CALL UNCLE

IF (I +EQ. IMPl) GO TO 820
JsI=1

IF (Q3(I)=Q3(Ji= 5.) 75VU»750» 760
X3(J) = 0,0

JaJd=1

IF (J=IN) 760,740,740

1=141 =
IF (I=ICX=1) 770,770,820

IF (x3(I)) 780,760r720

J=1

IF (Q3(J)=Q3(I~-1)= 5,) 8L0,8000710
X3(J) = 0,0

=J+1

IF (J=ICX~=1) 790,810,810

I1=4J

G0 TO 710

ISIN+]

TEST TO FORM TRANSPORT REGIONS
IF (X3(IN)) 890,830,720

IAXZIN
IF (X3(I)) 860:850¢720
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PRAD3780

PRAD3910
PRX03920
PRAD3930

PRADJ3960
PRAD3970

PRAD3980
PRAD3990
PRAD%000

PRAD%020

PRAD4050
PRAD4060
PRAD4070
PRAD4080
PRAD%090
PRAD4100
PRAD%110

PRAD%130
PRAD%140
PRAD%150
PRAD%160
PRAD4170
PRAD4180
PRAD%190
PRAD4200
PRAD%210

PRAD4230
PRAD4240
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[+
C REMOVE OQ/lE ZONE OIFFUSION REGION
<
650 I=1+}
IF (I=-ICX=1) 840,950,95L
860 I=I+%

IF (1=1CX=1) 8700950950
870 IF (X3(I)) bBYr 875y 720
875 X3(1-1) = 0.
GO To 84u
880 1BX=I-3
IF (13XeLT.IAX) GG TO 970
60 To 960
890 IF (IneGT.1) GO TO 910
C ASSUME C(1) = 0.
900 X2(1) = 0.0
FL(1) = 0,
60 TOo 92v

910 X2(IN) = 1.0283E12 » A(Ll) = (Xo(IN=1) = X6(IN))

FLUIN) = 005 #* (X6(lii=1) = X6(IN))
920 PR(IN) = Y2(IN) * 0.0606067
RHOCIN) = Y2(IN) + Y2(IM)
FLUIN) S =,6660667 * TG(IN)
TROIN) = 0.6 * FL(IN)
925 IF (X3(I1)) 93Ur 940. 720
c FORM X2 FOR DIFFUSION Z0JtS IN ORDER
930 X2(I) = =1.37€12 » 1G(I) « A(])
PRUI) = Y2(I) * 6606667
“RHO(I) = v2(1) ¢ va(I)
FL(l) = =,6666667 * TG(I)

TR(I) = .6 * FLUI}
12141
IF (1 = ICX = 1) 925, 980+ 980
c
c DO TRANSPORT TO Id IN REGION OF NO SOURCE
c
940 IAX=I
60 TO 850
950 IBX=In

960 IF (IAX .GT. ICX) GO TO 965
GO TO (9bie 962¢ 963)» 1lALPIHA
961 CALL PTRANS(IAX» 1IBX)
GO TO 965
962 S1 = 13.0962
CALL UNCLE
903 CALL STRANS(IAX: 18X)
965 IF (IBX=IM) 970¢103001030
970 1=18x+2
60 To 930
980 IF (1.6T.IR) GU TO 981
1AX=] ’
60 TO 950
981 IF (IR .EQ. IM) GO TO 990
S1 = 13.0982
CALL, UNCLE
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PRAD4270
PRAD4280
PRAD%290
PRAD4300
PRAD4310

PRAD4330
PRAD4 340
PRAD4 35S0
PRAD&360

PRAD&380
PRAD4390

PRAD4410
PRAD4420

PRADU44 30

PRAD4450
PRAD4460
PRAD4470
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PRAD4560
PRADY570




AFWL-TR-67-131, Vol 1II

c
C,VEA
990
,000

,010

1020
1025

aAanon

1030

1035
3

"

6
1040

1051

1052

1053

RIGHT=HAIlZ BOUNDARY CONGCITION FOR DIFFUSION ZONES
To. MAT NEED RHO» FL¢ TR HERc.

IF (GL) 1000,1010,1020
XK2(IMPl) = 0.
60 TO0 1030

X2(IMPLl) = 1.0283E12 * X6(IM) * A(IMP})

G0 To 1025
X2(IMPL) = 1.0283c12 » (£6!(

IM) = X6(IMP1)) & A(IMPL)

RHO(IMPL) = Y2(1¥PL) ¢ Ye(IMPLl)

PR(IMPL) 0,3333333 * Rii0(

IvPl)

FLUIMNPL) = X2(IMPL) / A(IMPLl) * 4,8624E-13

TRUINMPL) FL(I4P1) & 0.0

OPTIONAL EDIT OF

X2 ETC.

IF (ABS(EQITMF) oLT. 1.E=20 .OR. ZZ .6T. 1.€=-20) GO TO lo%o

CNT1=SOLID(1B)*1.0

ARITE (6¢3) . CNTLle THe HiU»
WRITE (6r4)

00 1035 I = INeIMPL

WRITE (6¢6) 1o C(I)y» XO6(1)
1X2(1)» RAOLI)» PRUL)» TRLI)
CONTINUE

HNUPe IR ICX. ICY

H2(1)s H3UI)» TG(I)e Y2(I)» X3UID)»

FORMAT (OHLICYCLE = F7.00 94 TIME = E13.6¢ 12H HNU FROM FB8.2¢

2 41 TO F8.,2r LOX2HIRIG»

10X3HICXI4r 10X3IHICYIN/)

FORMAT  (3X1HIs LUX1HRe 10X2HX6¢ LUX2HH2s L0X2HH3» 10X2HTG

2 10X2HY2s 3X2HX3» 1l0X2HX2¢

9X3IHRHO» 10X2HPR» 10X2HTR)
Se OPFSelr 1P4EL2,5)

FORMAT (I4» 1PE11.4» HEL2.

IF (T4 .GT. CAPAC(152)) GO TO 1055
22=9, :
QEM = 0.

DO 1053 I = IN» IMPL
FIOSV=3.4RHO(I)=PR(I)
FI25V=3.#PR(1)=RHO(I)

FI1SV = 3, * FL(1) = S. * TR(])
FI3Sv = 3, * TR(I) - 5. » FL(1)

QN = FIOSV = FI0(1)
.QD = Flosv ¢ FIU(D)

IF (ABS(QD) .GT. Do) GO TO 1051

GO To 1053

¢ OGN

s (FI25v = Fl2(1))
* (FI11SV = FI1(1))
* (F135v = FI3(1))

QE = ABS(GN / QD)

IF (QE +LTe« CAPAC(150)) GO TO 1052
2Z = 1.

IF (QE «LT. GEM) GO TO 1052
IGEM = I

QEM = GE

FI0(I) = FIOSV + CAPAC(151)
FI2(1) = FI2S5V + CAPAC(151)
FI1(I) = FI1SV *+ CAPAC(151)
FI3(1) = FI3SV + CAPAC(151)
CONTINUE

T4 = T4 + )
IF (T4 «GTs 9. «OKe 22 «LTe
CNT1 = SOLID(18) + 1.0

0.1) GO TO 1055
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WRITE (608) CliTls IHNU» T4, GEMe IWEM

8 FORMAT (29H SCATTEKING ITERATION, CYCLE F5.0, 9H IHNU = 12+ TH.

2T4 = F3.00 32H LARGEST KELATIVE DIFFEKENCE IS F5.3» 9H IN ZONE I3)
60 To 515

1055 DO 1057 I = INe INPL

1057

FQO(I) = FIO(]I)

FOL(I) = FIL(I)

FQ2(1) = Fl1a(I)

FQ3(I) = FIa(])

SUMX2(1)=suMx2(I)+Xx2(]) PRADY481¢
EK(I) = RHO(L) » o8.5 + EK(])

SMLR(I) = SMLR{I)+PK(I)*nhdeb

FIO(I) = 3. % KHO(I) = PR(I)
FI2(I) = 3. % PR(]I) = RHO(I)
FIL(I) = 3. » FL(I) = 4%, & TR(I)

FIS(I) = 3, » TRUI) = 5. & FL(I)

Q@ =S TAICK * 1,026E12

CAPAR (IHNU#135) = CAPAR(IHNU+135) + 0,5 * DTR # (CAPAR(IHNU+120) +
2 Q)

CAPAR(IH:NU+120) = Q

IF (ABS(SOLIL(37)) +GTe 1,E=20) WRITE(JURUMI) FIO» FI1. FI12. FI3

C . PRAD483¢
€ ADVANCE FREQe» STORE EMERGENT FLUX.,» TEST FOR COMPLETIOMN OF GROUPS PRAD48BL(Q
C PRAD485¢
HNUPSHNU PRAD4860
OHNUP = DHNUL
IHNU = IHNY + 1 PRAD4A8(
T = 1.
IF (IHNU=NHNU) 10600106001000 PRAD4890
1060 CALL OVCHK (KOULOFX) PRAD4900
GO TO (10700310)9 KUOQOFX PRAD4919
C.tttttttt‘ttttttttt.tttatt.t‘tttttt.ttt.t.tttttt‘tttttt.t‘tt.ttttttt.t.PRAD“920
c *PRAD493¢
C E NV FREQUEHNCY LooOP =PRAD494
c ’ *PRAD4950
C.““tt“ttttt‘tttttttt‘ttttttttttttt‘tttttttttttttttttttttttttttttttttPRADU960
1070 S1 = 13,1070 PRAD4970
CALL UNCLE PRAD498¢
1080 SUMX2(INM1) = 0.0 PRAD499¢
JURUM = JDRUMI
REWIND JORUM
DO 1090 [ = IN» IM
EC(I) = 0,
A X2(I) = sumMxa(I) PRADS020
RHO(L1) = EK(]) :
ER(I) = SUMX2(I) = SUMX2(I+1) + 0,5 = (A([+1) ¢ (3¢ & SMLR(I+1) -
& EK(I+1)) = A(I) » (3. # SMLR(I) = EK(I)))
1090 CONTINUE
X2(INMP1) = SUMX2(IMP1)
RHO(IMP1) = EK(IMPL1)
Cc EDIT OF OUTPUT OUTPUT
IF (TD «GTe 0.5 ¢ANDs CnT1 oLT. CNTMAX) 60 TO 1320
WRITE (6¢5) CNT1ly TH
WRITE (607) (CAPAR(I+120)» I=1sNHNU)
WRITE (6¢7) (CAPAR(I+135)s I=1sNHNU)
S FORMA[ (25H OUTPUT OQUTPUT FOR CYCLE F7.0, 10X7THTIME = 1PE13,.6)
7 FORMAT (1P10t12.%)
1320 RETUK
PRAD60 30

el

138




ks

WIT FOR PTRANS/P»

PTRANS/P»

AFWL.TR-67-131, Vol III

PTRANS/PL

SUBROUTIINE PTRANS (NeM)

C.MPILED OCTOHER 90 1967 wilL

C PLANE CHARACTERISTIC TRACE wlTH DOUBLE GAUSSIAN INTEGRATIQON

C USES THE RADIATION TRAHWSPORT *STEP' SUBROUT INE

CQ.‘.‘.“““““.‘.‘““““‘.““‘..“‘.‘“"..‘.“.““““‘.‘

C, SPUTTER COMMON

C
COMMOIv.. LMDAL(3T)s NR o HSMLR » IA v IB v ICA ’
1 KMAX o BLANKL» bLANKZ2e BLANK3» IAPL , IOP1 1CAPL1
s 11 v 1G » NRAD o BLANK4, 1AM1 » IBM1 , ICAM1 ,
3 IIP1 » IGM1I » IALPHA, BLANKS, TH » TMAX , BLANK6,
4 FREQ » CNTMAX, AR ¢ ASMLR » PUSHA » PUSHB » BOILA ,
5 CVA » CVB ¢ SLUG » ALPHA » HVA » HVB » HCA ’
6 EMINA » EMINB » CA v CB v GA » GH v GL. ’
7 RHOL o+ RMOR » EPIO » EPSI » RIA » RIB ¢+ RDIA
8 RPIA o+ RPIU o+ RPDIA » RPOID o TPRINT, TA vy 1B ’
COMMON T0 v TE » DTH2 +» DTH2P » DTHL , DTRMIN,
1 DTMAX1, DYMAX2, DTMAX3e DTR v SWITCHs CO v CMIN
2 GAMA » WCRIT » 5IGMAQs AC o ACQO3T4s CNVRT » SUMRA ,
3 ROIA o+ ROIAM1l, ROIU , ROIBP1s GMS » S1 r S2 ’
4 Su4 v S5 » S6 » S7 » S8 » S9 » S10 ’
5 S12 » 513 v Sl4 v+ S15 v Slé » S17 » S18 ’
6 S2v v EO v FO v TAU » ZERO » R (152)» DELTA
T ASG (152)¢ RD (1523 VD (i52)» ROD (152)» SMLR
8 DELR ( 37)r P (152)r P1 (152)r PHB (152),» PB1
COMMON P2 (152)» Sv (152} RHO (152), THETA
1 W (152)» E (152)r EI (152)r EK (152), A
2 Vv (152)r G (152)» D (152} C (152), x2
3 X3 (152)0 X4 (152)r X5 (152)¢ X6 (152) s X7
& SMLA (152), SMLB (152)¢ SMILC (152)s SMLD (152) ¢ SMLE
S EC (152)¢ ER (152)r SMLQ (152)r SMLH (152), BIGA
6 bBIlGs (152)» CvV (152)» BC (152)» BR (152)» CHIC
7 CHIR (152)r CAPAC (152)¢ CAPAR (152)» CRTC (152), CRTR
8 CRTPC (152)» GOFR (15%2)¢ FEW (152) ¢ CAR (152)» OKLM
COMMON TELM ( 37)r EKLM ( 37)y ELM ( 37)e FCLM
1 FRLM ( 37)r wiLM ( 37)r QLM ( 37)r AMASNO( 37), CHRNO
2 ZP1 ( 37)r 2P2 ( 37)» SOLID ( 37)¢ ECHCK ( 37}y RK
3 RL ( 37)e RHOK (104)» RDK (104)r THETAK(104)» TEMP
4 HEAD ( 12)» MAXL ¢+ MAXLM

C

COMMON /CNTRL/ SCYCLE» JMULT

COMMON /DAVIS/ X (4000)»

ICxe ICY

COMMON /JIM/ NNe FMU» R1s R2¢ HD»

2 FSe LOF»

LRI» 1ZN»

TGle» TG2e F2

EST, I,

i,

PTRAOU 30

s¢s202sPTRAD0S0
*sPTRAQ060
«PTRA0070

(o} +PTRAD080
ICBP1 »PTRA0090
1CBM1 ,PTRAOLlO0Q
DELPRT,PTRAO110
BoILB ,PTRAO120
HCe 'PTRAO130
GR 1PTRAO140
RDIB ,PTRAO1S0
1C PTRAO160
DTMAX ,PTRAO170
DELTA ,PTRAO180
SUMRS »PTRAO019p
S3 +PTRAO0200
Si1 'PTRAO210
S19 'PTRAD220
R(152),PTRAD230
(152),PTRAO240
(152) PTRA02S0
(152),PTRAO260
(152)PTRAD270
(152) ,PTRAD280

(152),PTRAO290

(152) ,PTRAO0300
(152) yPTRAO310
(152)yPTRAO0320
(152) yPTRAO0330
( 37) PTRAO3490
( 37),PTRAO3S50
( 37),PTKAO0360
(104),PTRAO370
( 16),PTRAD380
PTRA0390
ssPTRAO400

C:n-ttttt-t‘t.-.-.t-..t-ttt-t-.---tnttttt-ttt‘-tt-t-t-----tttt-ttttnt.t-PTRAOUIO
COMMON /LINDLY/ HNU» SGHL ¢ THNU» NHNUHNUP o NT o IM» IN» DHNUs THICK o NY

PTRAO4SQ
PTRAO460

I2¢ GMPr» Alr A3 FMUS,

c.---tt----a---ntt-------t-n-t-a-ttat-tngatntttt-a-a-n-a-ttatn-a--t--a-tPTkAosuo

DIMENSION

DATA  RR/2¢113248E=01+7+886752E~0111.056624E~01,3,943376E=01,
24127017€=01+5+000000E~01¢8,872983E~01,3,130600E~-02,
24222222E~0192.464T18E~0196.,943180E=02+3,300095E=01
6¢699905E-01+9+305682E~01+1,207610E~02+1,076071E-01
2+184655E=01r1+618513E~01+4,691010E-02+2,307653E-01"

FUN»-

HR(40)

1

39

PTRA0550
PTRA0560
PTRAO0S70
PTRA0S80
PTRA0S90
PTRA0600

-

e SRUEN— PR

8
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5 S5¢000000£=0197e0L92347E=01¢9.530899:-01+5,557100E=03, PTRAO0610
° $+922540L=0Ucr1.,422222E=01+1,840889:=01+1,129063E=-01, PTRA0620
7 3e376520L=02¢1 ¢L9IYSIE=UL1r3.806903E=01¢0,.193096E=01, PTRAO0630
o 8+306047E=01+9.662348E-01+2,892400E-03+3,055570E=02+ PTRAOG64Q
9 8:.906520E=0c¢1.448918E~-01¢1,493251E-01¢8,276980E-02/ PTRA0650
C *PTRAD0660
C.tt‘tt.tt..t‘tttttt‘.“ltltt‘4ttt‘tt.ttOtt.ttt....t.tt.t.ttttttttt.‘tttPTkhogoo
VIMENSION CSUU  (1)e PR (1)e FM (1) H (1) H2 (1),

1 Hd (1) HY (3)e FNS (1) Q1 (1)e TG (1)r @3 (13,
2 Q47 (1)e 438 (1)s SUMXe (1)s SUMX3 (1), SUMX4 (1) Xg (1) ,P S50

3y (1) Y2 (150 0X (1)e FL (1) TR (1)e FSM (1).P
4 FSP 1) P
C . P S70
EQUIVALENCE (ACOAT4r TRUBG)» (BC 'SUMX4)» (BIGA oY ).P 580
i (BICGB » H Yo (BR oH3 Yo (CAR  +Q37 )¢ (CHIC +SUMX3),P 590
2 (CHIR +Q38 )» (CRTR ~SUMX2)s (X7 PR e (GOFR »G3 )P 600
3 (P8 Q2 )o (512 JEDITMF)» (EC 'H2 Yo (W ,0X )oP
4 (SMLA +FMS ) (SMLB oFL Yo (SMLC +TR )o (SMLH oH& )P
S (ER oFM Yo (V ' TG Jo (SMLD +FSM )¢ (CRTC +CSQD ),P
) (XS Y2 o (X4 ' X8 Yo (SMLE +FSP ) P
Coat OO0ttt dadasst st ssinsttadsdssanasstsstsststasstadatnnatstansnsentassp 660
c P 670
C OX CONTAINS X FROM THE PREVIOUS Y LINE P 680
c : «P 690
c €SaeD SAME AS CRTC P T00
c EVITHF SAME AS S12 P T10
c [*) § SAME AS P8 P
(1 FM SAME AS ER P
c H SAME AS BlI6GB . P 740
(1 H2 SAME AS EC »P
(1 H3 SAME AS BR P 760
(1 H4 SAME AS SMLH P 770
(1 PR SAME AS X7 P
(1 FMS SAME AS SMLA . P
C FL SAME AS SMLB sP
c TR SAME AS  SMLC P
( FSM SAME AS SMLD P
(1 FSP SAME AS  SMLE *P
(1 Y2 SAME AS X5 P
(1 ox SAME AS w sP
c T6 SAME AS v P
c Q3 SAME AS GOFR P
(1 Q37 SAME AS CAR P 840
c Q38 SAHE AS CHIR . P 850
(1 SUMX2 SAME AS CRTR P 860
c SUMX3 SAME AS  CHIC P 870
(1 SUMX4 SAME AS BC sP éao
(1 TROBG SAME AS ACO3T4 P 890
c Y SAME AS° BIGA P 919
(1 X8 SAME AS X4 P
(1 . P 9490
Cotstasssun st ateds sttt 2t ust st st st bRt a0ttt sannsasgsssssenessss TRAN 930
c sPTRAJD9%0
(1 PLANES ONLY sPTRA0920
c sPTRA0930

140
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Co000000008300000000000000080000000000000000000000080000000%00000000s00esPTRAOVND

100
110

[a N aNel

120
130

[aXaX el

140

150

OO0 000 oo

160
170

OO

180
210

nOo0n

220

TAXSp

18X

INMIZIN=-12

IMPL = IM ¢ 1 .
CALL UVCHK (KOOUFA)

G0 YO (100¢110)¢ nOOGFX

51=14,.0100

CALL UNCLE

IBXPLI=ILAe}

LIALPHAZALPHA

ERROR IF HNOY FLAMC
GV TO (1300120+12U)¢ IALPRA
S51=I4.01¢0
CALL unCLE
WY = LMDA(37) - 1
AU = (HY = 1) & (NY ¢ 2) ¢+ |
HGS = NMU ¢ NY ¢ |
JJy =0

DO PUSITIVE ANGLES FIRST

IF 1AX=IN TRANSFek 1O 1Su To SET SPECIAL BOUNDARY CONDIYIONS
IF (1AX=114) 360¢150,180

CALCULATE BOUNDARY SOURCE INTENSLITY
IF (INM1) L0Ue31UP1T70

SET BLACKBOOY CONDITION FOR PUSHER

S1z14.0160
CALL UNCLE
F2=X6(INML)
60 To 310

DIFFUSION BOUNDARY CONDITION AT IAX

LLUF = 1
60 To 220
IF (AuS(TG(l=1)) LT. 1.£-20) VY2(I=}) = x6(I-}1)
X8(I=1)12TG(I=1) *RK(NMU}
REGULAR INTEGRATION STEP FOR F2s POSITIVE My

IF (ABS(TG(1)) oLTe 1.E<20) Y2(1) = xel(l-l)
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PTRAO0950
PTRAD960
PTRAO980
PTRAO0990
PIRAL1000
PIRALO1O
PTRA10290
PTRAL1030
PTRAL10ug
PTRAL10S0
PTRAL1060
PTRAL079
PTRAL080
PTRAL109¢
PTRAL100
PTRALLLQ
PTRAL3 20
PTRALL13g
PTRALl4g
PTRAL11S9
PYRAL160
2TRALL17D
“TRAL1180
PTRAL119¢
PTRA1209

PIRAL1210
PTRAL220
PTRAL1230
PTRAL24g
PTRAL2%50
PTRAL1260
PTRAL1270
PTRALI280
PTRAL1290
PTRAL300
PTRAL1310
PTRAL1320
PTRAL1330
PTRAL340
PTRAL1350
PTRAL360
PTRAL370
PTRAL13680

PTRA1S00
PTRALS10
PTRAL1520
PTRALIS30
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c

CAVEAT,

300

310

[a X3 XX a] [a N aXa]

(s X2¥3]

320

330

340

350

AB0L1IZTu (1) ¢hR (HMY)
It 21-

12 1

R1 CtI=-1)

R2 cn

12n 1 =1

Tel Xg(I=-1)

162 xet(n)

HU S m2(l=1)/RIUI§4U)
CALL STep
SUMXS(IIzF2

IF (AuSCTGUINY oLT. 1.e=20) Y2(I)

I=1+1
IF (1 .GF, IuXPl) 0 TO 32,
AF (1 «Lk. ICX + 1) GO TO 220

= x6(1)

NO SOUHCE Iiv ZOWE GHEATER THAN ICX

1F (F2:EQ.V.U) GO TO 2v0
TEMP(1)SH2(I=])/RR (NMU)
He(I=1)SFREXP (=TEMP (1) =T, 4P (1)
F2SF2eHu(]=1)

GO TU 260

IF (F2.tW.0.0}) 60 TQ 310
TEMP(1)3H2(1=1)/RK (liMU)

H4 (I=1)SFREXP(=TELMP(1)=TcMP (L)
F22F2sHU(]=1)

SUMX3(I) = F2 .

FSMi1) = FS

LOF = 2

Is1+1

IF (I-1CY) 300,300+210

)

)

SCATTERING IN SOURCELESS REGION N

U0 REGATIVE ANGLES SECOND

1s18xP1

FS 2 0.0

LRI = 2

IF (1eX=1M) 370+330.360
IF (GL) 480¢520+340

OT HANDLED PROPERLY HERE

GL = 1/2 MEANS BLACKBOUY CO,OITION SET AT IMP1
6L = PUSITIVE INTEGER INPUT OPTION UELETED

GL = 0 MEANS VACUUM AT I[P

GL NEGATIVE MEANS REFLECTIVE COMDITION AT 1MP1

IF (GL.NELDeS) GO TO 3%0
F2 = x6(IMP1)

GO TO 480

S1 = 14,0350

CALL UNCLE

ERROR IF INDEX EXCEEDS WURMAL RANGE

512314,0360
CALL UNCLE
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PTRAL1550

PTRAl64g
PTRAl660

PTRAL 740
PTRA1750

PTRA178¢0
PTRA1790
PTRA1800
PTRA1810
PTRA182¢
PTRA183¢
PTRAIB4q
PTRA185¢
PTRA1860

FTRA1870
PTRA1880
PTRA189¢
PTRA1900
PTRA191¢
PTRA1920

PTRA193¢
PTRA194¢
PTRA195¢

PTRA197¢
PTRA198¢
PTRA199¢
PTRA2000
PTRA2019

PTRA205¢0
PTRA2060
PTRA207¢
PTRA2080
PTRA2090
PTRA2100
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[N s K g]

OO0

(g N 2Xg]

[gX2X 3]

370
399

40V

440

450

470

480
490

500

DIFFUSION gOULJARY CONDITION AT ISXP1

LOF = 1 .
GO TO 400 :
IF (AQS(TG(I+1)) ,LT. l1.E=20) Y2(I+1) = X6(I)

REGULAR INTEGKATION STEP FOR F2» NEGATIVE my

IF (ABS(TG(I)) oLT. l.t=20) v2(I) = xe(l)
I1 =21+

2=1

Rl S =C(I+1)

R2 = =C(])

IZN = 1

TGl = =X8(I+1)

TG2 = =X8(1I)

HU = H2(I)/RK(HMU)
CALL STEP
SUMX4(I)=F2

FORM CONTRIBUTION TO X2

X2(I)=X2 ([ =(F2=SUMX3 (1)) #RK(NGS)

RHO(I) = RHO(I) + (F2 + SUMX3(I)) * RR(NGS) / RR(NMU)

PRII) = PR(I) + (F2 + SUAX3(I)) & RR(NGS) # RR (NMU)

FLII) = x2(D)

TR(I) = TR(I) = (F2 = SUMK3(I)) * RR(NGS) * RR(NMU) & RR(NMU)
IF (ABS{TG(I)) oLTs 1.E=20) Y2(I) = X6(I=1)

I=I-1

IF (I=1AX) 530r45yur450

IF (I=ICY) 500,400+400

NO SOURCE IN ZONE LESS THAN ICY

IF (F2.£Q.0.0) GO TO 4a0

TEMP(1)SH2(I) /RR(NMU)

HY(I)SFREXP (=TEMP(1)=TEMP(1))

F2SF2sH4 (1)

SUMX4(I)=F2 R
X2(1)SX2( 1) =(F2=SUMX3 (1)) sRR (NGS)

RHO(I» = RHO(I) + (F2 + SUMX3(I)) * RR(NGS) / RR(NMU)
PR(I) = PR(I) + (F2 + SUMX3(I)) & RR(NGS) * RR(NMU)
FL(I) = x2(I) .
TR{I) = TR(I) = (F2 = SUMX3(I)) » RR(NSS) * RR{NMU? = RR{NMU)
LOF = 2 .

FSP(I) = FS

1=21=1

IF (I=1=ICX) 399,470,470

NO SOURCE IN ZONE LESS THAN ICY
IF (F2.EQ.0.0) 6C TO 510
TEMP (1) =H2 (1) /RR(NMU)

H4 (I)SFREXP(~TEMP(1)=TENMP (1))
F2SF2sH4(1)
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PTRA2110
PTRA2120

PTRA223¢
PTRA2240n
PTRA225¢0

PTRA2330
PTRA2340
PTRA2350
PTRA2360
PTRA237¢0

PTRA242p .

PTRA243¢
PTRA2440
PTRA2470
PTRA2480
PTRA2490
PTRA2500
PTRA251¢0
PTRA2S520
PTRA2S30
PTRA2S40
PTRA2550

PTRA2560
PTRA257¢
PTRA2580
PTRA2590
PTRA2600
PTRA2610
PTRA2620
PTRA2630
PTRA2640

-~ a—
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510 SUMX4(f)=F2 PTRA26%5¢0
X2(I)=X2 (1) =(F2=5uMX3 (1)) sRR(NGS) PTRA2660
RHO(L) = RHO(I) + (F2 + SUMX3(I)) * RR{NGS) / RR(NML)

PRUI) = 'PR(L) + (F2 + SUMX3(I)) & RR(NGS) * RR (NMU)
FLUI) = X2(1) ;
TRUI) = TR(I) = (F2 = SUMX3(I)) ® RR(NGS) * RRINMU) * RR{NMY)
I=I=-1 PTRA267¢
1IF (1-1IAX) 530+5060500 PTRA2680
520 F2=0.0 PTRA269¢
GO TO 480 PTRA2700
536 CONTInUL PTRA271¢
IF (AUS(TRUBG) oLT. 1.E=-20) GO TQ 539
C VEBUG PRINT OF INTENSITIES

JUJ = Ju o+ )
IF (JUJ +EQs 1) WRITE (6sg)
WRITE (6+10) JJJs RR(NNU)
WRITE (6.,9) RED1092¢g
DU 65 I = IAXs IBXPL
65 WRITE (6+5) I» SUMX3(I)e SUMX4(I)
S FORMAT (I4» 1PEll.4s El4,7 )

8 FURMAT  (28H1PLANE TRANSPORT DEBUG PRINT/) REDI064 0
9 FORMAT (7X1HI» 7X7HI RIGHT» 8X6HI LEFT) REDI0650
10 FORMAT  (27H GAUSSIAN QUADRATURE ANGLE 12, 17H WHOSE COSINE I F11REDI0660
2.8/) . REDI0670

IF (TRDBG +GT, 68,) TRDDG = TROBG - 69.
$39 DHNUZHNUP=HiU PTRA281¢
540 U = WU + 1 . PTRA2820
NMU = NMU + 1 PTRA2830
NGS = NGS + 1 PTRA2840
IF (JJ=NY) 14001400550 PTRA285¢
$50 VO 560 I=1AX»IuXPl PTRA2860
S60 X2(I) = X2(I)s 2.052£12 PTKA2870
RETURN PTRA2880
ENO : PTRA2890

144




AFWL-TR-67-131, Vol 1lI

QT FOR STRANS/S» STRANS/Se STRANS/SL
SUBROUTINE STRANS{NeM)
CoMPILED OCTOJdeR 9» 1907 A0OL
Cc MOUIFIED FOR COMPTON SCATTERING ANU IMPROVED LOGIC
c ANGULAK INTEGRATIONS O'f LINcCAR FORM . THAN 20
Cc CONNECTEUD LINEAR=WUALRATIC INTERPOLATION AT X=C. TRAN 30
(o4 EPSI IS Y LIMIT OF EOIT Tudt
[ LMUA(26) IS INTeERFACE INUEX OF EDIT TUBE APERTURE
(o4
C.tttttttt..t.ttt‘.ttcataa‘tac..0...‘at.‘atat.aat.aa‘..ttatttttaao.at‘.t
Cc '
Cs SPUTTER COMMON s
Cs .
Cs .
COMMO LMDA(37) s NR v WSMLR o IA v 1B ¢ ICA o ICB ’
1 KMAX o BLAIKL, BLA'IK2e JLANK3» 1APL1 Pl , ICAPL ,» ICBP1
Zl 11 v 16 + NRAD » ULAMKG, [AM1 o IBM1 o ICAM1 , ICBM1
3  IIPY o IGMY » IALPHA,» oLANKYSe» TH s TMAX » BLANKG6, DELPRT,
4 FREW o CNTHAX, AR » ASMLR » PUSHA » PUSHB » BOILA , BOILD »
5 cva v CVy » SLUG o ALPHA » HVA » AVB ¢ HCA » HCB ’
6 EMINA » EMING o CA s CH v GA ¢+ GB ¢ GL ¢+ GR ’
7 RHUL » RHOR » EPIO o EPSI » RIA v RIB » ROIA » RUIB
8 RPIA o+ RPID o+ KPUIA » RPDIB » TPRINT, TA v 18 v TC
COMMOI4 Tu v TE s UTH2 » OTH2P » DTH1 » OTRMIN, OTMAX
1 DTA4AXYs DTMAK2e DTHMAXIe UTR v SWITCHy CO » CMIN o DELTA
2 GAMA » ACRIT » SIGYMAGs AC s ACO3TL, CNVRT » SUMRA , SUMRB .
3 ROIA » ROIAM1, ROIS o ROIBPLl, GMS v S1 » S2 + S3 ’
9 S4 ¢ 55 v S6 -4 » S8 v S9 v S10 ¢ S11 ’
S Si¢ v S13 v S14 v 515 ¢ S16 v 517 v S18 v 519 ’
6 S2u v €0 v FO v TAU ¢ ZERO » R (152)+ DELTAR(152).,
7 ASG (152) RL (152), VO {152)¢ ROO (152)s SMLR (152).,
8 DELR ( 37) P (152) P1 {152), PO (152), PBL {152)
CIOMMOl4 P2 {152) 0 SV {152)» RHO (152)+ THETA (152),
1w (152), E (152)» EI (152)¢ EX (152), A (152),
2 Vv (152), G (152)» O (152) C (152), X2 (152),
3 X3 (152) 0 A4 1152) ¢ X5 (152) ¢ X6 152)« X7 (152),
4 SMLA (152)s SMLO (152)¢ SMLC (152)¢ SMLD (152), SMLE (152),
S EC {1%2) Ei¢ (152), SMLQ (152)¢ SMLH (152)s BIGA (152),
6 BItp (152), CV (1%2)¢ BC {152)+ B8R (152), CHiC (152),
7 CHIR (152)s CAPAC (152)¢ CAPAR (152)» CRTC (152), CRTR (152).
8 CRIPC (152)9 GOFR (152)r FEW {152)¢ CAR (152) OKLM ( 37)
COMMON TELM ( 37) EKLM  { 37)» ELM ( 37) FCLM ( 37,
1 FRLM { 3T)» 4LM « 37)r QLM { 37)¢ AMASNO( 37)¢ CHRNO ( 37),
2 2Pl { 37), ZP2 { 37)s SOLID { 37)e ECHCK ( 37)¢ RK (108),
3 RL ¢ 37)s RHOK (104)¢ RUK (104)+ THETAK(104)» TEMPp ( 16).
4 HEAU ( 12)» MaxL » MAXLM .
(o4
[of . e
c;‘.““.‘.“.“.““‘.. tastte ‘.“‘..‘.‘.““‘.“..‘...‘.‘..‘...‘..“."
c‘..“““““““.‘..““‘.“‘...“.“..“.‘“".".‘“.““.‘.“.“‘..TRAN “30
Cc oTRAN 8&4¢
COMMON /LINDLY/ HHUOSGNLOlHNUoNHNUOdNUPONTOlﬂ'lN’DHNUOTHICKDNY ;“AN 450
RAN 480

(o

COMMON /UAVIS/ X (40000

ICxes IZY
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COMMOI4 /JIM/Z wtde FMU» 1y K2e HDe EST

2 FSe LLFo LRI 1He TGle TG2e F2

OIMENS IO CSQU (1) Pit (1)e FM
1 M3 (1)v He (1)e kNS (1), Q1

ITUBE = LMDA(20)

IF (C{ITUBeE) «LT. EPSI) GO TO 1
XTUBLE = SQRTICSQU(ITUBE) = EPSIess2)
CALL DVCHK({XX)

146

11, 12

(1)
t1)e TG

(1),
(1),

2 Q3?7 (1)r 38 (1) SUMX2 (1) SUMX3 (1}, SUMXY4 (1) (1) ,p 550
3 (1) v2 (1), 0K (1) FL (1)s TR (1),P
% FSP (1) P
c P 570
EWUIVALENCE (ACO3T4, TROBG) » (BC )P 580
i (BI6B » H Yo (IR 'H3 Yo (CAR ' SUMX3) , P 590
2 (CHIR 2238 D)o (CRTR »SUMX2)e (X7 )P 600
3 ( P 101 o (512 HEDITMF)» (EC )P
L) (SMLA »FMS ) (SaLB oFL Yo (SMLC )P
- (ER vFM Yo (V¥ ' TG Yo (SMLD 1CSQ0 )P
(-] (X5 Y2 Yo (X4 ' X8 Yo (SMLE P
C.“..“...‘0.‘0..‘..0‘.‘.0.0’l...“...“‘“““.“‘...‘.l.‘.“......tttp 660
c OX COHTAINS X FROM THE PREVIOUS Y LINE sP 680
C P 690
C c5e0 SAME AS CRTC P 700
[ EDITMF SAME AS Sle P 710
c el SAME AS PB P
C FM SAME AS ER P
C H SAME AS BIGH P 740
[ H2 SAME AS EC P
[ HY SAME AS BR P 760
c M4 SAME AS SMLH P 770
[ PR SAME AS b ¥4 P
C FMS SAME AS SMLA P
C FL SAME AS SMLB P
c TR SAME AS SMLC P
c FSM SAME AS SMLD P
C FSP SAME AS SMLE P
C Y2 SAME AS b §) P
C ox SAME AS w P
[ T6 SAME AS v sP
c Q3 SAME AS GOFR P 830
< @37 SAME AS CAR P 840
C Q38 SAME AS CHIR P 850
[ SUMX2 SAME AS CRTR P 860
C SUMX3 SAME AS CHIC P 870
C SUMX4 SAME AS 8C P 880
c TROBG SAME AS ACO3TY P 890
C Y SAME AS BIGA P 910
[« X8 SAME AS X4 P
C . P 940
CaPttstss s 0080080080000 080000808004808800088080080808080 4000808840038 TRAN 930
-4 TRAN 949
C TRAN1O40
IAXZN TRAN10S0
I18X2M TRAN1O060
THICK = 0.0
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G0 TO (1+3)e KX

1 51=14,0001 TRAN1090
CALL UNCLE TRAN1100
3 IBXP1=IbXx+1 TRAN1110
IALPHASALPHA . ' TRAN1120
c TRAN1130
c ERROR IF NOT SPHERE TRAN114D
C . TRAN1150
GO TO (5¢5¢7)» IALPHA TRAN1160
S S1=14,0005 TRAN1170
CALL UNCLE : TRAN1180
c TRAN1190
c SPHERE ONLY TRAN1200
(o TRAN1210
7 I=IBxP1 TRAN1220
FS = VeV
FMU = 0.0
LRI = 1
IF (IBX = IM) 37y &0 11
8 F2 = 0.0
IF (GL «GTe 0o) F2 = K6(IM+1)
G0 T 23
c : TRAN125S0
C ERROR IF ILIDEX EXCEEDS NORMAL RANGE TRAN1260
C TRAN1270
11 S1=14,001) ) TRAN1280
CALL UNCLE TRAN1290
c.tttattttttt.atttttttttttttc-tttttttttttttttttttttttatttttattttw.t.ttttTRANlSOO
c . - . +TRAN1310
c CALCULATE Y=0 RAY «TRAN1320
C ' +«TRAN133¢
CAatttttaaibst sttt bt tssatsts sasatasabatssntanabatssasanstasasassssssss TRANLIIGQ
c TRAN13S0
C LHS OF RAY FIKST» STORE F2 IN SUMX3. TRAN1360
C TRAN1370
1311 =1+ 1
12=1
R1 = =C(I+1)
R2 = =C(I)
HD = H2(I)
IZN = 1
TGl = =TG(I+1)
762 = ~T6(I)
CALL STEP
c TRAN1700
C SAVE LHS INTENSITIES IN SUMX3 TRAN1710
c TRAN1T720
23 SUMX3(I)=F2 . TRAN1730
FSM(I) = FS
IF (ABS(TG(I)) oLTe 1.E=20) Y2(I) = X6(l=1)
I=1-1 ) TRAN17S0
LOF = 2
IF (ABS(TG(I)) «LT. 1.E=20) Y2(I) = x6tlI)
, IF (I=IAX) 47013013 TRAN1770
C TRAN1990

147
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C DIFFUSIGH BOUNJOARY CONDITION AT IBXP1 TRAN2000
C TRAN2010
37 IF (ABSUTG(I)) oLTe 14E=20) Y2(I) = X61(1)
LOF = 1
GO TO 13
(o TRAN2380
c -RHS OF KAY TRAN239p
C TRAN2400
47 I=IAX TRAN2410
IAXP=IAX TRAN2420
LRI = 2
IF (JAX = IN) 11, 4y, 51
. 48 IF (IN = 1) 11, 4Y» 50
49 IAXP=IN+1 TRAN2440
RHO{1)SSUMX3(1) +2, TRAN24S0
PR(1)SSUMX3(1) *. 0667 . TRAN2460
60 T0 69 TRAN2490
50 IAXP = IN
F2 = X6{1n=1)
GO T0 69
c TRAN2S00
(o DIFFUSION HOUNUARY CONDITION AT IAX TRAN2S1¢0
C . TRAN2520
51 LOF = 1
! Hu(I=1) = FREAP(=H2(]I~-1))
60 T0 59
(o . TRAN2830
) c REGULAR INTEGRATIUN STEP (Y=0+RHS) TRAN2840
[ TRAN2850
S9 I1 = -1
12 =1
R1 = C(I=-1)
R2 = C€(I)
HD = H2(I=-1)
IZN =] = 1
T61 = TG(]I=1)
762 = TG6(])
CALL STEP
c TRAN3120
c SAVE RHS INTENSITIES IN SUMX4 TRAN3130
c TRAN3140
69 SUMX4(I) = F2 TRAN3140
FSP(I) = FS
oxtIi=c(l) TRAN3160
IF (ABS(TG(I)) .LT. 1.c=20) VY2(I) = X6(I)
) LOF = 2
1=1+} TRAN3180
IF (ABS(TG(I)) +LT. 1.E=20) Y2(I) = X6(I=1)
IF (I=1IBXP1l) 5Y» 5Y» 85
o T T L LI T LT RIS
c *TRAN3480
(o COMPLETE Y=0 RAY *TRAN3490
c *TRAN3S00
Coat 3300 AR RS RRBREREIEREBEARERRERERRRNRRRAnR kbR ananssr e 22aTRANIS10
85 YSQDP=0.0 ,
{
!2
148
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JJ=1 TRAN3S3¢0

Juu=1 TRAN3S4 ¢

KK=1 TRAN3SS0
c . TRAN3S60
C SEARCH FOR Y=LINE NEAR HALF OF ClIAX) TRAN3S570
c ) } TRAN3S580

C1=0,50+C(1AX) TRAN3S90

IT = 1AX + 1

GO TO 283
C‘.ttat“##tttttttttttttttttttttttttttttttttttttttt##‘0ttttatttt#t#t#t#tTRAN3620
(o *TRAN36 30
C SET UP Y~-LINES +TRAN364 0
c +TRAN36S0
Cgtt‘tt‘tt#tttttttttttttt#tt0#&t#‘tttttt#tttttttttt#‘ttttttattttttttttttTRAN3660
c TRAN367Y 0
C FIRST» TEST IF Y LIES OUISIDE OF ACTIVE MESH. TRAN3680
c TRAN369¢

87 IF (JJ +LE- NY) GO TO 83
S1 = 14,0087
CALL UNCLE
88 IF (C(IBXPLl) LT« Y(JJ) & 1,000001) GO To 127
C Y=LINE IS INSIUE ACTIVE 4ESH.
IF (CU1AK)=Y(JJ)) 89,107,997
89 IF (C(IT) «GT. YIUJ) * .999999) GO TO 107
IT= 11 +1
GO TO 89 TRAN3730
97 IF (CUIAX=1) = Y(JUJ)) 98, 107, 98 .
98 IF (CL oL7s 0.5 % (Y{UJ) + Y(JU+1))) GO TO 103

JUSJU+L
KKSKK=IFIX{X{KK+1))+2 TRAN379¢
GO To 87 TRAN3800
c : .- TRAN3810
c SEARCH FOR Y=LINE NEAR THREE QUARTERS OF C(IAX) TRAN3820
c TRAN3830
103 C1=C1+40.,25*C(IAX) TRAN384 0
CL,LCULABLE Y=LINE FOUND == PROCEED
107 YSQDP==X(KK) TRAN3870
FMU = YSQDP )
KSKK+ IM=I3Xx+2 TRAN3880
TEMP(5) =YSQUP~-YSQuUL ’ TRAN3890
GO TO 167 TRAN3900
c oTRANG170
(4 COMPLETE X2 INTEGRATION WHEN LAST Y-LINE USED +TRANG 180
C #TRANG190
C,ttt“ttttgoaamatoaamtataaatamatatma.aataaatttaaatattt‘tatatoaaaaoatathRANQZOO
127 DO 139 I=SIAXP.1HXPL . TRANM210
c . TRANG220
C ANGULAR INTEGRATION OF X2 USING LINEAR INTERPOLATIOM TRAN4230
C . TRANG240
FNL = SUMX4(I) - SUMX3(1)
XSQ = OX(])*s2
X2(I) = x2(1) + FNL * (XSQ + XSQ)
129 IF (IBX=~IM) 131,139,171 . TRAN429(
131 IF (I-~1AXP) 171+1335,137 . TRANG300
133 ASSSGURT(CSQRD(IBXP1+1)=~CSAD(IBXPL)) TRAN4310
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FMUIpsPL) = ‘2({ﬁAPl))’ XS5 / CUIBXPL+l) » TG(IRXPL+l) =
Hlv )

2 FREAP(=XS * H(luaP)
60 TV 137 TRAN4 340
"13% FUlluxPl)=0.y TRAN43S0

137 TEMP(5)=CSOU(IBXPL)=1S.01
TEMP(11)= COGULII)=YSLO1L
Fu=(TtMP()1)t(FM(lePl)OFq(lUxPl)}*(CSQD(lUKPl)-
1 CSGD(I,,‘(SUMK“(IGXP)0SUMXJ(IAXP,))/TEMP(S,
FLX = SUMXS(]) + SU’x6(])
FP = FLX + Fu
FPL = FP ¢+ FLX
RHO(I)SRHO( 1) +0X (1) oFP TRANGG 4
PRUI) = PRULI) & XSU & (FPL + FLX) * ox¢I1)
TRUI) = Th(l) ¢ XSNees & FHL s 4,

139 CONTLivLE
C.tttocttttctcttctto.ct.acoooo.ct.tttcttOtttt.tttctttttct.tttttctotctcctTRAN“SOO

C +TRAN4S1 0
(o COMPLETIO®NH O F X 2 INTEGRATION A T »TRAN4520
C END o F TRANS REGION «TRAN4S53p
(o +TRAN4S4

c.o-aoaa.o-...-oa--...-ca'c.o.c..uc.-.coc-o.-.--t.co-.o-..t--zccoc-.c-c-TRANMSSQ
D0 151 I=1AXeItiXxPlL
IF (l1.EQ.1) GO TO 151
PRULISPR{L)*,08334/(CS.L(J)eC(])) TRAN4690
RHO(I)ZRHO (L) 2o S0/7C LT TRANGT700
FLUI) = ,1666667 » Xz2(1) 7/ CSQD(I)
IF (1 «6T, 1) GO 10 147
TR(I) = o,
G0 To 151 .
147 TROI) = TRUI) * .GS 7 CSD(L)er2
151 X2(I)=x2([)*1,020k12 TRANGT 30
CALL DVCHK (KX)
60 TO (152+ 153} KX
152 S1 = 14.0152

CALL UNCLE
193 RETVURN . TRANGT40
c.tttottctccc-c-c-cooot-.c-c-.---cccc.-.toc-oo-cto--c.--co-.cccc---.t--oTRAstso
Lo . : sTRANS 240
C "TYPICAL Y~-LINE INTEGRATION s TRANS250
c . +TRANS260
c‘tetootcccc-accocccccc.tc-.-.ccoccc-.-occcc-ccccccc-ccccc---acccc-c-c-cTRAu527o
o TRANS280
c LHS CALCULATIO. FIRST+STORE F2 IMN FM TRANS290
C . TRANS300
167 I=1uXP1 TRANS310
FS = 0.0
LRI = 1}
IF (IBX = IM) 173, 168s 17}
168 F2 = 0.0
IF (6L +GTe. D.) F2 = Xb(IM+l)
60 To 205 :
C TRANS340
C ERKOR IF INDEX EXCEEDS NORMAL RANGE TRANS350
o TRANS360
171 S1=14,0171 d ’ TRANS370

150
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(s X 2N s} (2 X 2Xg]

(g N 2N a)

[a X2 N3]

173

181

191

193
195

197 TEMP(16)S(Y2(I1+1)+X6(1))%0S*TEMP(L)+(0.667#Y2(1)=0.54Y2(]+1)

201

1

CALL UNCLE

DIFFUSION BOUNDARY CONUITION AT IBXP1
IF (ABS{1G(1)) «LT. 1l.E=2u) Y2(1) = X6(1)
X8(I41) = X(K=1) / C(I+1) * To(I+1)
LOF = 1

SAVL X8 FUR RH5=(UIFF INTENSITY)

X8(I)z=x(K)/C(I)#1u(])
HD = (X(K=1) = X(K)) * H(])

REGULAR INTEGKATLION STEP(LHS)

11
12
R1

I +1

1

=X (K=1)
R2 .= =X(K)
I2N = ]

TGl = =X8(I+1)
Te2 = =xu(l)
CALL STEP

SAVE F3 OF LHS IN FM FOR INTEGRATIOM.

FM(I)=F2

FSM(1) = FS

IF (ABS(TG(I)) .LTe 1.E=20) Y2(1) = x6(I-1)
1=1-1

LUF = 2

KSK+1

IF (ABS(TG(L)) oLTe Llot=20) Y2(I) = x6(1)
IF (I=1AX) 239+193¢193

IF (X(K)) 195.207,181

Y=LINE HAS MADE CLOSEST APPKOACH

TEMP (2)=SGRT(DELTAR(I) *(4,04C(L1)+DELTAR(I)) )&H(I)

IF (ABS(TEMP(2)) .LT. le.E=2u) GO TO 223
HD S X{(K=1) * H(I)
TEMP(1) = HL + HD

1121 +1

12 =1

Rl = =X{K=1)

R2 = 0.

IF (TEMP(1) = ,02) 197, 197, 201
THIN LHS XK=0,

=0.167%46(1))*TEMP(2)
NN = 0
CALL SCAT
@ = AMAX1(0er 1o = FMUS 7 H(I)) .
F2 = FS + F2 = (1, = TEMP(1)) + Q * TEMP(16)
60 To 223
HY (I)SFREXP(=TLMP (1))
NORMAL LHS XK=0,

151

TRANS380
TRANS390
TRANS400
TRANS410

TRANS730
TRANS 740
TRANS7S0
TRANS760

TRANS780
TRANS79¢0
TRANS800

TRAN6110
TRANG6120
TRANG6130
TRANG61u40

TRANG160

TRAN6170

TRANG190
TRAN6200

TRAN6210

TRAN6310
TRAN6290
TRAN6300

TRAN6380
TRAN6390
TRANG6430

&
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HN = |

TEMP(7)SFREXP (=TEMP (2)) TRANG6400
TEMP(13)2(X6(I)=Y2U[))/TEMP(2) #6242.0 S TRAN6U410
TEMP(15)=(X6(I)-Y2(101))/(TtMP(l)-TEMP(Z)) TRAN6420

CL,VEAT. Hu4 IS THE SUUAKE OF ITS [{ORMAL VALUE.
€ST = 1. = Hut])
CALL sSCAT
G = AMAX1(0er 2o = FMUS 7/ H(I))
F2 2 FS ¢ F2 * HY(L) + « & (Y2(I) + TEMP(13) + TEMP(7) & (-Tg.P
2 (15) = TEMP(13) & (TEMF(Z) ¢ 1.)) + HU(L) & (TEMP(L1S) = Y2([+1)))

GO T0o 223 TRANG49(
(o TRAN6550
C FIRST TRANSPOFT ZUNE ON LHS . TRAN6560
C TRANG6570
205 X8(I)=KX(K)/C(X)*TG(I) TRANG6S8(
60 Ty 191 TRAN659¢0
Cc TRAN6600
C X = LZERO ERROR TRAN6610
c TRAN6620
207 S1=14.0207 TRANG66 3¢9
CALL UNCLE TRAN664(
219 S1=14,0219 TRANG684
CALL UNCLE TRANG68S0
221 F2=0,0 TRANG686(
GO0 Tu 225 TRANG870
(o TRAN6880
Cc. UC Y=INTEGRATION TO X=0 TRAN689¢
C -TRANG90(
223 IF (F¢olLT.0.) GO TO 221 . TRAN6910
225 FM(I)=F2 TRAN692¢
FSM(I) = FS
.c : TRAN6930
c FORM TOP SLICE COuTRIBS TO x2 TRAN6940
Cc . ) TRAN695¢
DO 231 JSIAXP»1I TRAN696 0
TEMP(11)=CS00(J)=YSQDL
FNL = SUMX%(J) = SUMX3(J)
XSQ = OX(Jiss2
X2(J) = X2(J} ¢ FNL = (XS4 + XSG)
FU=(TEMP(11)t(FM(l)+F2)0(YSGGP-CSQD(J))O(SUMXM(IAXP)
1 +SUMXI(IAXP) )} /TEMP(S)
FLX = SUMX3(J) + SUMX4(J)
FP = FLX ¢+ FU
FPL = FP + FLX
RHO(J)=KHO(J) +0X(JU) sFP TRANT08¢
PR(J)} = PR(J) + XSQ & (FPL ¢ FLX) * 0OX(J)
TR(J) = TR(J) ¢ XSQ*#2 = FENL s 4,
R31 CONTINUE TRANT1390
LRl = 2 :
LOF = 2
IAXP=1+1 . TRAN7149
SUMX3¢l)=F2 TRAN715¢0
SUMX4 (1) =F2 TRAN7160
I=1AXP TRANT1790
SK=1 TRAN7189
152
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C %F(ABS(ILTP(7)).LI.I.E-ZU)GO 10 297 DELETED 3/716/67, FCT

12 =1

RL = Ue.
R = X(K)

IF (TEMP(1) = (U2) 233,233.237

TRANT26¢0

SMALL OPTICAL UEPTH EXPANSION (X=0+RHS) TRANT2S0

TRANT270

aoa

233 N = v
CALL SCAT
U = AMAXL(0er Lo = FMUS /7 HII=1))
F2 S FS ¢ F2 o (1, = TLIFP(1)) ¢ G * TEMP(1G)
GO TO 257 TRANT 340
C NORMAL RHS (A=0)
237 NN = 1
C.VLATa HY IS THE SUUARE OF ITS OKMAL VALUE.
EST = 1. = H4(I=1)
CALL SCAT
Q@ = AMAX1(0er 1o = FMUS / HII=1))
FQ = FS ¢ F2 o H4(I=-1) 4 « & (Y2(1) ¢+ TEMP(15) ¢ FREXP(=TEVP(1) <
2 TEMP(2)) = (=TEMP(15) ¢+ 1siP(13) & (1. = TEMP(2))) = HG(]I=1) =
3 (Y2(i=1) + TEMP(13)))
257 IF (F2 «LTe Ue) F2 = 0o

GO TO 259
TRANT&30

CALCULATE FHS Y-LINE INTEGRATION TRANT &40
ARRIVE HERE. IF V=LINE INTEKSECTS INNER RADILS TRANTASO

239 1AXP=IAX TRANT®60
I=1AX THANTSTD

K=K=1 TRANTSBQ

LRI = 2
LUF = 1 .
IF (IAX oNE« Il «GRe IN .EQ. 1) GO TO 238
[ BLACKUBODY
F2 = 4X6(1n=1)
GO TO 299
238 IF (X(Ke¢1)) 24ur 207 241
C DIFFUSIUN BOUNIDARY CONDIVION WlEN X=0.
240 Xx8(I-1) = 0.
HO = X(K) & H{I~=1)
Ri = 0,
GO TU 242
241 XB8(I-1)=X(K¢1)/C(1=1)2TG(]~-1) TRANTS0O
HD = (X{K) = X(K¢1)) & H(I-1)
Rl = X(Ke}i)
242 H4(I=-1) = FREXP(=-HD)

o000

TRANTS 30

DIFFUSION BOUNDARY CONDITION AT 1AX TRANTSSQ
TRANTSS0

anon

G0 To 250 °

249 HO = (X(K)=X{K¢l))eH(I=1)
RY = xixey)

250 It =1 -}
12 =

153

o ——
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c
C
C

ano

a0

R¢ = n(K)

14N 1 -1
61 AB(I=1)
762 ag(l)
CalL STep

AHGULAR INTLGHATION UF X2 USING LINEAR INTEKRPOLATIOM

259 FHWU = F2 = FMLL)

261

(83

FGL = SUMXG(]I) = SUmx3tl)
FXMSOALL)=X(R)

X2(1) = x2(1) ¢ ((X(K) ¢ X(K) ¢ Ox{I)) » §NU + (OX(I) + Ox(]) +

2 X{K)) » FNL) ¢ FxM
IF (1 oHk, ITUBL) GO TC 265
IF (EPSL 6T, YU 60 TO 261

IF (EPSL LT, TEMP(Y)) L0 TO 203

THICK = THICK ¢ ((XTULE + XJUBE + OX(I)) « F2 + (OX(

2 XTUBE) & SUMXS(I)) & (OX(I) = XTyUHE)

60 To 203
THICR = THICK + ((X(K) + X(K)

I) ¢+ oX{(]1) +

+ OX(1)) o F2 ¢ (OX(I) + OX(I) +

2 X{K) ) o SUMXU(I)) * (OX(I) = X(K)
263 FUSFM(1) +F:

FLX = SUML3(]) + SUMXu4(])
TEMP(0) 204 1)*0LK(])
TEMP(7)2AiK)®X(K)
FAPZOX (1) +X (K)

FXP3 = Fipee)

FMl = FU = FLX
RHOC(I)SRIQLL) +F XMo (FUSFLK)

)

PRUL) = PRII) + FaP ¢ (TchP(6) ¢ TEMP(T)) ® FMI + 4, o
2 (FLX » Oxtl) ¢ TetMP(b) = FU ¢ X{(K)
TRUL) 2 TRUI) ¢ FAM o (FilL ¢ (FXP3 + OX(I) o (3, ¢ TENP(E) -
2 TEMP(T))) ¢ FHU o (FXP3 + X(K) » (3, & TEMP(T) - TENP(6))))

s TEMP(T))

SAVE F2 AND FM FOx NEXT Y=LINE

SUMX4(l)="2
SUMX3(T)=FML])
FSP(1) = FS
0xX{l)=x(K)

IF (ABS(TG(L)) «LT. 1.E=20) Y2(I) =

131+}
KIK=}
LOF = 2

IF (ABS(TG(1)) +LT. 1.E=20) Y2(1) =

IF (X=18XPLl) 249,249,283
DEBUG PRINT

CONTINUE
OHNUSHNUP=HNU

X6L1)

x6tl=1)

IF (AuUS(TROBG) «LT. 1.E=20) GO To 301

CNT1 = SOLIU(18) + 1.0

WRITE (60307) HNU» HNUP» IHNU» CNTY

#RITE (60399) Y(JJ)

154

TRANB120
TRANB13p
TRANBL4D

THANB34p
TRANB3S0
TRANB360O
TRANB380
TRANB 3

TRANB4 10
TRANB420

TRANBTup
TRANBTSQ
TRANB760

TRANS780
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o000

wRITE (60311) JJrIAX, 13X

WRITE (6+315) TRANBBS0
IAXP1=MAXO(IAXs IAXP=1) TRANBB60
DU 299 ISIAXPL1sIBXPL TRANB8B70
IF (JJeGT,.1) GU TO 297 TRANBB8O
) TRANBBYQ

PRINT Y=0 INTEGRATION TRANB900

TRANB9I10

295 WRITE(Oe313)1eCII) e XOUL) o XB(I)eHU(I) e FSM(I)
2FSPUI) o SUMXS(I) e SUMXGL(I) + X2(])

60 TO 299 TRANB939
C TRANB9S0
C PRINT REGULAR Y=LINE INTEGRATION TRANB8960
C TRANB970
297 KKKSKK=I+IM+3 : TRANBY940
WRITE(Oo LI I e X(KRK) o X6(T) o XBLI)oHY(TI) s FSMII )
SFSPI) s SUMXI(I) e SUMXU(T) o X2(])
299 CONTINUE TRANB99Q
IF (TRUBG +GT. 68,) TRUUYG = TRUBG = €9,

301 IF (JJeEuw,l) GO TO 303 TRANSUOO
CORAbARTBRRE AR RS AR R A SRR RF R BN S AN AR RS b R AR RRRA S bet ghnbnsnbtnntasassasTRANGOLD
C »TRANS020
C EDIT AND .Y=LTINE ADVANCE »TRAN9030
C . . *TRAN9040
Cotttraaatt st a0 R ARERRARERR AR R RN AR AR SRR SRa NSRS N A R0 st s nnnrssasens TRANTOSO

KKSKK=IFIX{(X(KK+1))+2 TRAN9060

303 YSGD1 = YSQULP .

TEMP(9)2Y(JJ) TRANS080
JuSJJ+l TRAN909¢
GO TOo 847 TRANS110

307 FURMAT (38H1Y=LINE PRINT FOR FREQUENCY BAND FROM F9.3» SH TO F9,
23¢ 10X7HIHWU = 12y 10X6HCYCLE F5.0) :

309 FORMAT (/5H Y = 1PE10.5) ' TRAN9130

311 FURMAT (b6H JJ = I3010X7H IAX = I3,10X7H IBX = 13/7)
313 FORMAT (I4»1PYELH,7)
315 FORMAT (3X1HI»13X1HX»12X2HXo0»12X2HX8,

212X2HH4 ¢ 1 1X3HF SM» 11 XIHF SP » 9ASHSUMX3»

39XSHSUMXY s 12X2HX2) :
_END TRAN9210

155

P S P b
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@17 FOR STEp/BLe STEP/BL» STEP/SLL

SUBRQUTINE STEP T
COMPILED JUNE 220 1967 wUL T
c T
Ca» SPUT I e R COMMON *2T
Cs . 2T
Ca =2T

COMMOi  LMDALS7)» NK ¢ NSMLK » IA » 1B » ICA » ICB )

{ 1 KMAX » BLANKL, bLANY.2» oLANK3. 1APYL » IBP1 » ICAP1 , ICBPI1 ,T
2 11 v 16 » NRAD , uLANK&4, 1AM} ., IBM1 ,» ICAM1 , ICBM1 T

y 3 1IP1 » IGMY1 » IALPHA» BLANKS, TH » TMAX » BLANK6, DELPRT,T
4 FREQ » CNTMAX» AR » ASMLR » PUSHA » PUSHB » BOILA , BOILB T

-] CVa » CVB » SLUG » ALPHA » HVA » HVB v HCA » HCB o T

6 EMINA » EMINHB » CA y CB » GA » GB » GL » GR o T

7 RHOL » RHOR » EP10 » EPSI » RIA v RIB » RDIA » RDIB 7T

8 RPIA » RPIB » RPDIA » RPDIB » TPRINT, TA v TB » TC T

COMMOU Tu » TE » UTH2 o+ OTH2P ¢ DTH1 » DTRMIN, DTMAX »T

1 * DIMAX1,» DOTMAX2» DTMAX3» UTR » SWITCH» CO » CMIN » DELTA 7T

2 GAMA » WCRIT » SIGMAU» AC » ACO3T4» CNVRT » SUMRA » SUMRB ,T

3 ROLA » ROIAM1, ROIH » ROIBP1, GMS v S1 v S2 » S3 ' T

L) Sy v S5 » S6 v S7 » S8 » S9 v S10 y S11 T

- S12 » S13 ) S14 » S15 v S16 » S17 ¢ S18 » S19 ' T

6 S20 v EO v FO v TAU » ZERO » R (152)» DELTAR(152),7

7 ASG (152)» RV (1%2)» VD (152)¢ ROD (152)» SMLR (152),7

8 DELR ( 3T P (152)» P1 (152)¢ PB {152), PB1 (152) T

€OMMOi4 P2 (152)» SV (152)¢ RHO (152), THETA (152),T

1w (152)» E (152)» EI (152)» EK (152)» A (152),7

2 V. (152)» G (1%2)r L (152)+ C (152)» X2 (152),T

] 3 X3 (152)» X4 (1%2)» XS (152)r X6 (152)» X7 (152), 7T
% SMLA (152)r SMLB (1%2)e SMLC (152)e SMLD (152)» SMLE (152),T

5 EC (152)» ER (152)r SMLG (152)» SMLH (152), BIGA (152),T

6 Bl (152)» CV (152)» BC (152)¢ BR (152)» CHIC (152),7

! 7 CHIR (152)» CAPAC (152)» CAPAR (152)9 CRTC (152)» CRTR (152),7
8 CRTPC (152)¢ GOFR (152)» FEW (152)» CAR (152)» OKLM ( 37) T

COMMOI TELM ( 37)» EKLM ( 37.r ELM ( 37)y FCLM ( 37),7

1 FRLM ( 37)» WLM { 37)» QLM C 37)0 AMASNO( 37)¢ CHRNO ( 37),T

2 2Pl (- 37) 2P2 ( 37)» SOLID ( 37)» ECHCK ( 37)» RK (104),T

3 RL- ¢ 37)» RHOK (104)» RDK (104) e THETAK(104)r» TEMP ( 16),T

4 HEAD ( 12)¢ MAXL » MAXLM T

h c T
c. : =T

PP ey e e P T E P IR R DRI R AT A S L P L LI R P I L i il

COMMON /JIM/ &iNe FMU» R1» R2¢ HDe EST» Il» 12¢ GMP» Ale A3» FMUS, T

2 FS+ LDFe LRI» 12ZWNe TGLle TG2» F2 . T

DIMENSION - CSQL (1)» PR (1)r FM (1)s H (1)» H2 (1),7T

1H3 (1)e HU4 (1)» FMS (1)» Q1 (1) TG (1), Q3 (1),7T

2 Q37 (1)» Q38 (1), SUMX2 (1)» SUMX3 (1), SUMX4 (1)» X8 (1),7T

3Y (1)e Y2 (1)r OX (1)e FL  (1)» TR (1)r FSM (1),7

& FSP (8 : ;

EGQUIVALENCE (ACO3T4+TRDBG)» IBC sSUNXUY)r (BIGA »Y )T

1 (BIGB ¢ H ) (BR 'H3 o (CAR +Q37 )¢ (CHIC »SUMX3),T

e (CHIR »@38 )¢ (CRTR »SUMX2)» (X7 'PR )o (GOFR 1Q3 )7

3 - ( PB +01 Do (S12 ¢EDITMF)e (EC  sH2 )0 ( W 90X )T

1

56

- 550

570
580
599
€00
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(2N s s N s N s e N2 s s N el s o e N aeN e o oo o e RakaXaakaXaXakaXs,

c

4 (SMLA ¢FMS ) (SHLDb oFL ) (SMLC +TR
5 (LR oFM )o (V ' TG o (SMLD oFSM
[- B (X5 Y2 e (X4 + X8 o {SMLE +FSP

CHERRARR AR SRR AR AER R KSR G SR RAR GRS R SR ARRS SSRGS B ERRRR SRR RRRRRRPERRERR

OX CONTAINS X FRUM THE PREVIOUS Y LINE

CSQD  SAME AS  CRTC
EDITHMF SAME AS s12

el SAME AS PB
FM SAME AS ER
H SAME AS BIGB
H2 SAME AS EC
H3 SAME A" BR
H4 SAME AS  SMLH
PR SAME AS X7
FMS SAME AS SMLA
FL SAME AS  SMLB
TR SAME AS SMLC

FSM SAME AS  SMLD
FSP SAME AS  SMLE

Ye SAME AS X5
ox SAME AS w
16 SAME AS v
Q3 SAME AS GOFR

Q37 SAME AS CAR
@38 SAME AS CHIR
SUMX2 SAME AS  CRTR
SUMXS SAME AS  CHIC

SUMX4  SAME AS 8C
TROBG SAME AS ACO03T4
Y S&4E AS BIGA
X8 SAME AS X4

GO TO (20, 25)» LUF

IF DIFFUSION ZONE, DEFINE STARTING INTENSITY
20 F2 = v2(11) = T61
25 IF (HD «GT. 0.01) GO TO 30

THIN ZONE

NN S 0

GO T0 50

NORMAL ZONE == UEFINE EXP(=DELTATAV)
30 NN = 1

.60 TO (35, 40)» LRI

35 H4(lZN) = FREXP(=HD)
40 EST = 1¢ = HY(IZN)*»2
50 CALL SCAT

@ = AMAX1(0sr» 1+ = FMUS /7 H(IZN))

NNL S NN ¢+ 1

GO TC (60s 70)¢ HNN1

60 F2 2 FS ¢+ Fe = (1, = Hb = HD) ¢ @ * (((Y2(11) + Y2(I2)) & 0.5 +

2 X6(1ZN)) * HD)
GO0 To 100

70 F2 S.FS + F2 & HU(IZN)#*2 ¢+ @ & (Y2(12) = TG2 + ((TG1 - Y2(I1)) *

2 HOUIZN) + TG2 = TGL) * H4(12Z1))
100 IF (F2 +LTs 0.) F2 = 0.

RETURN

END

157

)o (SMLH osHY
(CRTC »CSQOD )o;

)e ¥

»7
«T
T
o7
T

g g o = o ot ot = = =4

-ty gt

660
670
680
690
700
710

Tu0

760
170

830
84¢

850 .

860
870
8680
890
910

40

CONOBeaeRestatesssssstasststasasststntasssssssstnsssssnssssssssnsssssssTRAN 93¢0

T ——

]
o e

.
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8,7 FOR SCAT/PPSCAT/PPSCAT/JP

SUUROUT THE

SCAL

c GEOML TRY=INULPENULHT COMPTO. SCATTERING

C.MPILED OCTOJER
€

Y 1907

wil

-

T

Cottttttittrtotddt sttt sttt st dstatsststittttrrssidtteststsdtsststssssrsssssseT

c
C
COMMON LMOA(37)e R v W9MLR
1 KMAX o MBLAKL, oLA RSy olLANKS
2 11 v 16 o NRAU o JLANKG
3 Iipl o IGML  » JALPHAP ULANKS
& FREG » CNTMAX, AR » ASMLR
S CVA e CVu e SLUG o ALPHA
[ EMINA » EMINB » CA v £B
7 RHOL o+ RHOR » EPIO o+ £PSI
8 PPIA o RPIY » RPUIA » RPOID
COMRMON fo v TE v . UTH2
1 OTMAXYe DTMAX2: DTHAX3, UIR
2 GAMA o, dCRIT » SIGMAEJY AC
4 ROIA o+ ROLIAMI, ROIU . HOIWPI
L Si v S5 v S6 v 57
- s1e v S13 v Slu v S15
) s2v v EO v FO v TAU
7 ASQ (152)» RUL (15%2)e VD
8 LVELR ( A7), P (152)¢ P1
COMMON P2 (152)¢ SV
1 v (152)0 E (15%2)» E1
e Vv (152)0 6 (1%2)9 D
$ X3 (152)0 X4 (I52)e X5
® SHVLA  (192)s SMLB  (152) SMLC
$ kC (152), ER (152)0 SMLQ
6 uIG (152), CV (152)+ BC
7 CHIR (152)s CAPAC (152)¢ CAPAR
8 CRTPC (152)¢ GOFR (192)+ FEW
COMMON TELM ( 37)¢ EXLM
1 FRLM ( 37)s WLM { 37)¢ QLM
e P t 37)y 2P¢ ( 37)s SOLID
3 RL ( 37)e RHOK (104)¢ ROK
& MHEALD ( 12)¢ MAXL » MAXLM
c 3
€
c‘
c

COMMON /CNTRL, SCYCLE,

JIAULY

v 1A v IB v ICA ’
o 1APY o IBPY o ICAPL .
o 1aMi » IBMI , ICAMY ,
v TH v TMAX o BLANKG,
+ PUSHA » PUSHB » UGOILA
v HVA v HVB ¢+ HCA ’
v+ GA e GB ¢ GL ’
v RIA » RIB o ROIA
o TPRINT, TaA v TB ’
v DTH2P » OTHL » DTRMIN,
+ SWITCHs CO ¢ CMIN
v ACO3TuUs CNVRT + SUMRA
» GMS v S1 v S2 ’
v S8 v 59 v S10 ’
v S16 v S17 v S18 ’
o ZERO » R (152)» DELTA
{152)» ROO (152)s SMLR
(152)¢ PB (152), PH)
(152)¢ RHO (152)¢ THETA
(i52)¢ EK (152), A
(152)¢ C (152), X2
1152)¢ %6 t152), X7
(152) ¢ SMLD (152)s SMLE
1152)e SMLH (152), BIGA
(152) BR (152}, CHIC

(152) ¢ CRTC
(162) e CAR
( 37)0 ELM

(152)» CRTR
(152)v OKLM
( 37) FCLM

T

T

IC8 o T
ICBPY T
1cumMy LT
DELPRTY, T
BOILYE T
HCB T
GK ' T
ROIB T
TC T
DTMAX »T
DELTA T
SUMRB T
s3 7
s11 o T
s19 o T
R(152),7
(152), 7
(152) 71
(152),7
. (1520, 7
(152),7
(152),7
(152),7
(152),7
(152),7
(152), 7
(3N 7
{ 37),7

C 37)0 AMASNO( 37)¢ CHRNO ¢ 37)07

t 37)¢ ECHCK
(104)s THETAK

( 37)e RK
(104), TEMP

¢10u), Y
( 16),7T
T
T

CEPPELEL2000000 0000000000000 400 0080000000080 4 080400000 0040040000000 0007

o7

COMMON /LINDLY/ HisUeSGHIL» THNU o HHMUeHNUP o+ NT ¢ IMe INo DHNU THICK o23Y L
T

T

COMMON /PALMER/ FICG(152), F111152)e F12(152)¢ FI3(152)¢ FQO(152),T
2 FQ1(152), FQL(1SL)r FCI(152)¢ JURUM T
COMMON /JIM/ NMe FMUe R1e R2e HDe ESTe I1e 120 GMPe Ale A3
2 FSe LUFe LRI 1N

DIMENSION

1 H3 (1)e
2 Q37 (1)
3 (1)

T6is TG2e F2
(1)e FM (1)e H

(1)

Q1 (1)e 16

(1) H2
(1)e Q3

Q38 (1)e SUNX2 (1)s SUMX3 (1)s SUMX4 (1), X8

CsSeL (1) FR
He (1)e FMS
Ye (1), 0X

(1)e FL (1)e TR
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(1)e FSM

FMUS, T
7

(1),7
(1),7
()7
(1),7
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4 FSP (1) T
c T s70 |
EQUIVALENCE (ACO3T4TROBG)» (BC 'SUMXU) e (BIGA oY )T 580
1 (B168 » H )e (BR 'H3 Jo (CAR +Q37 )¢ (CHIC »SUMX3),T 590
2 (CHIR »Q38 )¢ (CRTR »SUNX2) e (X7 PR )r (GOFR vQ3 )T 600
3 (¢ PB vGl )e (S12 +EDITMF)» (EC 1H2 )e ( W 00X )T
4 (SMLA »FMS ) (SMLB oFL Jo (SMLC TR )e (SMLH oH4 DT
S (ER 'FM o (V ' TG Jo (SMLD oFSM )¢ (CRTC +CSGD ), T
6 (X5 Y2 e (X4 ' X8 )o (SMLE oFSP ) T
o L L T e F Pt P e R L s P P e PP P ) g 660
(o T 670
(o OX CONTAINS X FROM THE PREVIOUS Y LINE T 680
c =T 690
(o CSQL SAME AS CRTC =T 700
(o EDITMF SAME AS Ssl2 =T 710
(o Q1 SAME AS PB aT
(o FM SAME AS ER )
Cc H SAME AS BIGB T Tuo
c H2 SAME AS EC ) =T
(o H3 SAME AS BR =T 760
Cc H4% SAME AS SMLH a7 770
(o PR SAME AS X7 T
(o FMS - SAME AS SMLA =T
Cc FL SAME AS SMLB =T
c TR - SAME AS SMLC =T
(o FSM SAME AS SMLOD =T
C FSP SAME AS SMLE . a7
Cc Y2 SAME AS X5 =T 3
(o ox SAME AS W T
c T6 SAME AS v =T
c Q3 SAME AS GOFR =T 830
c Q37 SAME AS CAR .. =T 840
C Q38 SAME AS CHIR a7 850
[+ SUMX2 SAME AS CRTR »T 860
c SUMX3 SAME AS CHIC »T 870
c SUMX4 SAME AS BC a7 880
c TROBG SAME AS ACO3T4 =T 8990
c Y SAME AS BIGA =T 910
Cc xa SAME AS X4 a7
C a7 %0
CoP SRR R AR R RNNRRRRRAEENNEARREREE RN RN ER AR N RERRRENRR SRR RN RN AN e wnT
=T

Cotsadas s s s a s 0 ARRR AR RARARRARNRARR RERARRREESERNAR ARt nn g T
CALL OVCHK (IMHAD)
60 TO (1¢2) ¢ IMHAD
1 51=75.001
CALL UNCLE
2 GO TO (1000, 102 102)¢ IALPHA
100 SQMU = FMU * FMU
FMUX = FMU
Ri = R1 /7 FMU
R2 = R2 /7 FMU
60 TO 106
102 YSQ = FMU
XX.= R2 = R2

g

'L WL
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c

104

XP = Rl = 'Kl

IF (YSQ +GTe. 0.) GO TO 104

SQMU = 1.

FMUX = 1,

60 TO 106

SAMU = 0.5 = (XP / (KPP + YSU) + XX / (XX + YSQ))
FMUX = SURT(S0XY)

106 UX = R2 = Rl

110

112

115

10

15

20
25
26

27

28
128

FMUS = FMS(I2i4)

BB = FIO(I2) = FIut(ll) + SGMU » (FI2(12) ~ FI2(I1))

IF (AUS(SOLID(36)) oLTe Ll.E=20) VU TO 115

THOMSON SHORT CUT

I7 (Nil oNEes 0) GOU TO 112

FS S o375 = FMUS = DX * ((FIO(I1) + SQMU = FI2(I1)) = (1, = HD) +
2 «5 = BB)

GO TOo 2%

AA = k2 = (FIO(I1) + SOMUSFI2(I1)) = R1 = (FIO(I2) + SOMUsFI2(12))
FS = 375 = FMUS /7 (HD + HD) % (AA * EST + BB * (DX + Rl % EST) =
2 B8 = DX » EST /7 (HD + HD))

G0 TO 26

NORMAL COMPSON PATH

DU = FI3(12) =~ FI3(I1) + SQGaU » (FIL1(I2) ~ FI1(I1))

IF (IMNU JEW. 1) GO TO &%

FF = FQO(I2) - FGG(I1) + SGMU * (FQ2(I2) ~ FQ2(I1))

HH = FQ3(12) ~ Fu3([1) + SQ4U » (FUl(I2) - FQL1(Il))

IF (NN «6T. 0) GO TO 10

THIN RECIPE

FS1 = (1. = A1) * ((1., = HD) = (FIU(I1) + SQMU = FI2(1I1)) ~ ,5*BB)
FS2 = ~Al % FMUXs ((1, ~ HD) » (FIS(I1) + SQMU * FI1(I1)) + .5%DD)
IF (IHNU .EQ. 1) GO TO 9
‘FS3SAS*( (1e~HD) *(FQOC(I1)+SQiAULFQ2(L1) ) +,5+FF)

FS4 = A3 = FMUX % ((1, = HD) = (FQ3(Il) + SQMU * FQi(I1)) + o5%HH)

FS 2 ¢375 *= FMUS = (FS1 + FS2 + FS3 + FS4) # DX

60 To 25

FS S 4375 * FMUS = (FS1 + FS2) = DX

60 TO 25

AA = R2 = (FIO(I1l) + SOMUSFI2(I1)) = R1 = (FIO(IZ) + SQMUaFI2(12))
CC = R2 *= (FI3(Il) + SQMUFIL1(I1)) =Rl = (FI3(12) + SQMUsFI1(12))
IF (IHNU .EG» 1) GO TO 15
EESR2»(FQO(I11)+5QMUsFQ2(11))=R1*(FQO(I2)+SQMU*FQ2([2))
GGSR2%(FQ3(11)+5QMUsFQL(I1))=R1x(FQR3(12)+SAMUFQL1([2))

TERM2 = DX + EST = (R1 ~ DX /7 (HD + HD))

FS1 = (1. = A1) = (AA » EST + BB = TERM2)

FS2 = =A1 = FMUX & (EST » CC + DD * TERM2)

IF (IHNU ,EQ. 1) GO TO 20

FS3=A3* (EE*EST + FF*TERM2)

FS& = A3 = FMUX = (E5T = GG ¢+ HH & TERM2)
FS=e375%FMUS/ (HD+HD)  (FS1+FS2+FS3+FS4)

60 TO 25

FS=e375*FMUS/ (HD+HD) = (FS514FS2)

FMUS = FMUS * GMP

IF (FS «GTe (=1eE=20)) GO TO 29

IF (ABS(HVB) LT« 1.E=20) GO TO 128

WRITE (60 27) FSs I2ZNe IHNUs FMUX .

FORMAT (6H FS = 1PE13+6¢ 7X6HIZN = [3» TX7THIHNU = [2, 7XgHFMU = 1
2PEL13.6)

WHITE (6028) Rle R2e» HDe ESTs FS1e FS2¢ FS3» FS4s AAe BB CCe 0D
2 EEr FFe GG+ HHe FIVO(I1), FIO(I2), FIL(IL)e FIL(22)e FI2(I1)»

3 Fl12(12) FI3(11), FI3(12)

FORMAT (1P8E1be0) ‘

I¥ (TROBG oLT. 68.,) TRULG = TROBG + 69.
F$=0,

IF (AUS(CVB) oLf. 1.,£=-20) oO TO 29
$1575.008

CALL UNCLE

29 CALL DVCHK ( IMHAD)

30
40

GO TO (30+40) ¢ IMHAD
$1=75,0009

CALL UNCLE

RETURN

END

160




AFWL-TR-67-131, Vol III

APPENDIX IV

APPLICATIONS OF THE PLANE GEOMETRY CODE

The plane geometry code was applied in conjunction with the standard

SPUTTER code to several one-dimensional problems. The problem definition

can be summarized as follows:

T =600eV
o
p =tglem® [T = 8 keV
o boundary
20 zones
0 10 cm

The only physical process considered was radiation transport, i.e., no
hydrodynamics. The equation of state for the material was that of CHZ'
The opacity used was that of a hypothetical material in which Kp = 0.2 at
all frequency groups.

The results of the calculations are shown in figures 8 through 13.
Figure 8 shows the flux as a function of u = hv/kT for the Thomson scatter-
ing, i.e., 1/moc2 = 0. The difference between the curves at 0 and 2 mfp
represents the energy deposited into the material. However, in the case
of Thomson scattering, no material heating should occur. One should look
at this discrepancy as a convergence problem. The results of figure 8 are
plotted for cycle 20. Extending the calculation further would improve the
accuracy at the cost oi urther computer time.

Figure 9 is the same calculation with Compton scattering. One should
note the spectrum changes at the high-frequency end. This reduction in

the spectrum for the Compton case is qualitatively in agreement with theory.
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u hv /KT

Figure 8. Spectrum at Various Optical Depths Employing

Thomson Scattering
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FLUX (ERG/CM? SEC/Aw)

Y
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Figure 9. Spectrum at Various Optical Depths Employing
Compton Scattering
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Figure 10. Exit Spectrum for Compton Scattering
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Figure 11. Spectrum using Compton Scattering
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1.6 |
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=
L 1.0
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>
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96 THE CONCLUSION ONE CAN DRAW IS THAT
THE COMP SCAT CODE CONVERGES FASTER
THAN THE THOM SCAT. (~16% FASTER J.Zﬁ_0_= 1/6)
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Figure 13.

L 6 8 10 12 14 16 18
CYCLE

Comparison of Convergence Rates for Thomson
and Compton Scattering
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In the first two problems, illustrated in figures 8 and 9, the frequency
groups were (0 to 8 keV), (8 to 16 keV), (16 to 24 keV), (24 to 32 keV),
(32 to 40 keV), (40 to 48 keV), (48 to 56 keV), (56 to 64 keV), (64 to 72 keV),
and (72 to 100 keV). The question arises as to how dependent is the solu-
tion on the number and definition of these groups. In figures 9 and 10, two
different groupings were considered. In figure 10, the frequency groups
were chosen to include 10 percent of the energy in an 8-keV blackbody.
It is apparent from figure 10 that the spectrum has been distorted by unequal
frequency groups. This conclusion was also supported by the fourth problem,
i.e., the case in which the number of frequency groups was doubled.
Initially, the first nine frequency groups were halved, whereas the (72 to
100 keV) group remained constant. This problem was unsuccessful. The
unequal frequency grouping caused discontinuities to be propagated through
the spectrum. This difficulty was eliminated by changing the (72 to 100 keV)
group to (72 to 76 keV), where all the groups were then 4 keV wide. The
results of this problem are shown in figure 11. Notice that figures 9 and
11 have converged to approximately the same solution. With the previous
remarks in mind, one should be hesitant about solving problems in which
the frequency groupings are unequal.

In figure 9, the difference between the curve at 2 and 0 mifp is the
amount of energy used to heat the material. To determine if this is a
reasonable estimate, a comparison of the material heating ratio (SMLE)

and the theoretical heating rates

N —
c E,
b3 7)
j=1

as a function of zone is presented in figure 12. The difference between
these two curves can be used as a criterion for convergence.

A further point of interest is how fast the solution converges to its
steady-state value at the edge of the window away from the source.
Figure 13 graphically displays this convergence.
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For comparative purposes, a plot of the flux from an 8-keV black-

body as a function of frequency is presented in figure 14.

SPECTRUM FROM AN
8 KeV BLACK BODY

FLUX (ERG/CMZ SEC/Awv)
o
[, %]
o
|

1025 i I ] | L
0 2 4 6 8 10 12
U = hu/KT

Figure 14. Spectrum from 8-keV Blackbody
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APPENDIX V

COMPTON AND INVERSE COMPTON SCATTERING

INTRODUCTION

Scattering of photons by free electrons in the Compton scattering
process results in a modification of the radiative intensity in angular distri-
bution and spectrum by virtue of the resulting energy and momentum
exchange. This rate of change of intensity is described by the equation of
radiative transfer, a Boltzmann equation for the photons. The objective
here is to derive an approximation to the radiative-transfer equation which
is valid when the sca.tering takes place from electrons in a Maxwellian
distribution having termperature ee. For this temperature to be maintained,
it is necessary for electrons to undergo numerous energy-exchanging col-
lisions between each photon scattering event. These collisions are then
sufficient to maintain a Maxwellian distribution at the same temperature.
Compton collisions with moving electrons may result in gain of photon
energy (inverse Compton collisions) as well as energy loss. Both of these
processes in the general case are necessary to describe the events which
take place in a Compton scattering medium. In particular, the realization
of a state of equilibrium between the photons and the electrons requires
the inclusion of inverse Compton collisions and the direct Compton colli-

sions to a consistent degree of approximation.

SCATTERING EQUATIONS

The equation for the transfer of photons in a scattering medium has

been given in general form by Sampson (Ref. 8) and by Bond, Watson, and
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Welch (Ref. 9). This equation has been applied by Freeman (Ref. 4) to
the Compton scattering of photons by electrons at rest. In that work the
equations are derived for photons having energies which are small compared
with mcz. An expansion is performed of the Klein-Nishina cross section
through second order in the quantity y = hv/mcz. A further Taylor series
expansion in frequency of the scattered intensity about the frequency of the
photon beam in question is performed to obtain an "agelike'" approximation.
A similar treatment of the equation of transfer for scattering has been given
by Fraser (Ref. 5). He takes into account the Compton scattering to first
order in Y and, in addition, includes terms to first order in the quantity
a = ee/mcz. thereby including the inverse Compton effect in first order.
The objective in this appendix is to reduce the results of Fraser to a form
more suitable for calculation and to test his results in certain known limit-
ing cases. The equation of scattering transfer will be derived first in a
form suitable for application to a general geometric situation. The equa-
tions are then simplified by specialization to the plane and spherically
symmetric geometries, and finally the diffusion approximation is derived.
The equations for the Compton scattering are contained in Fraser's

» I',, and ', as given in his Eqs. (31), (32), and (33).

1 2 3
When the drift velocity u, is zero, these equations become

expressions for I

1"1 = -N¢o I(v,Q)(1 - 27)
3cz' 8 2 3
r, - -Ng ——I(v.mv(‘ - "_)f“ﬂ' v, @)1 - o + 2 - pd)
2 (o} 3 v
16whv

r, - -N¢°13ﬂ {'y(i - %)fdn' (v, 2)(4 +K2)(4 - p)

9 2 2 9 2 82
-M+al2-2v—+v 2 fdﬂ'l(v,ﬂ)+a 4-2v-—+yv — aQ' I(v,Q')u
v aVZ Ov sz

2 2
9 2 9 1 ' 2- A 238\ faar ' 68
-[1-a(6+2v 3 - 8?-)].[& I(v, Q')u a(4+2v av-v 8v2)jdﬂ v,Q')u~ (68)
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where N is the total number density of electrons and d;o = 8w/3 (rz) = 6. 65 X
-25 2 °
10 cm’ is the Thomson scattering. In Eq. (68), the values of Mo' M1,

M., and M_ have been substituted for as follows:

| M =ifdsz' I(v,2")
o 16w i

. ——§— ' 1
2 M, = 16"fdﬂ I(v, Q' )u
3 2
&‘ —M-Z :mfdﬂ' I(V,n')u (69)

: -3 fa N
L M3"167:./“’]n e

MO - Q- (M'1 E MZ +M3) =T%?fdn' I(v,2")(1 +u2) (1 - p)
where the cosine of the angle of scattering is  * @' = 4. These terms
represent the scattering contributions to the equation of radiative transfer

for the intensity I(v,2). The first term represents the scattering out of

the beam proportional to the total Klein-Nishina cross section expanded to
first order in Y. The second term represents the contribution of stimulated
scattering to both of the processes of scattering from the beam and scatter-
ing into the beam. The quantity 1"3 describes the scattering of photons into
the beam by all of the electrons contained in the Maxwell distribution.

A comparison shows that the a -independent terms are the same as Freeman's
first order in Y terms. These terms can be regrouped to display the order

of the terms more effectively. Their sum, comprising the scatterirg con-

tributions to the radiative transfer equation, is
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3

T GRS fdsz' v, 2')(1 + 1)

9
- v(i -v g)fdﬂ' I(v,Q') (1 + uz)(i - K)
+ a[Zfdﬂ' I(v,Q')(1 - 2u - 3u2 + 2u3)

2
) )
+ (VZ av—z - 2v a—v-)fdﬂ' I(v,2")(1 + ”2)(1 - “)]

]
$ hcv—31(v,9) 7(1 -v W)fdﬂ' I(v, Q') (1 +M2)(‘- - K) (70)

where B, = ¢ON.

In order to place the equation in conservative form in anticipation of
formation of difference equations for numerical work, it is desirable to
reformulate the frequency derivative terms. This reformulation corresponds
to isolating those terms which contribute to exchange of energy within the
photon distribution from the terms which contribute to exchange of energy

between the electrons and photons. The desired substitutions are as follows:

2
5\. h a(v°1)
y(1-vav)1— 2[3v1- av]
mc

(71)
2 2, 2
v281_2 31=8(v1)_68(v1)+4I
2 ov 2 ov
ov dv

For the case of spherical or plane geometry, symmetry of the radiative
intensity about the polar direction can be assumed. This symmetry per-
mits the integration of the azimuthal component of the solid angle in the
photon scattering terms. If the results of Freeman (Ref. 4, p. 10) are used,

the scattering terms become
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3 2 2 2
Tk (- 2Y) 1v, Q) - fdu3 I [3-n + e - 1)us)

2
c

-y(1 +——I(v,9))(1-v ) dp_ I f(u u)
hv3 f 33

2 2 2 3 3
s Zfdu313 (35 - 14 = 3u5) + 2, (0 - 3u0) iy + 20, () - 3]

28
+(v — -2 ) du L, £, k) (72)
p ! f 1'#3

where
. 2 2 2 2. 3
f(u1.u3) = 31u1 -1 +u1(3u1 - 5)u3 g (3u1 - 1)u3 e, (3 - 5u1)u3

In Eq. (72), the inclusion of the additional terms for induced emission and
inverse Compton scattering is not appreciably more difficult than for the
Compton scattering term already considered. The same angular integrals
enter as in Freeman's Eq. (18) (Ref. 4). The main difference arises in -
the presence of the second derivative with respect to frequency in addi-
tion to the first derivative occurring in the Compton formulation.

The diffusion approximation can also be carried out in parallel
fashion to the derivation of Compton scattering for cold electrons. In this
case two equations result, which are obtained from the zeroth and first
moments of the equation of transfer. The Compton terms entering in the

zeroth-moment equation are

Y | oo I L. "I Y "_11)
“s Y o "av 3Y 1 v v

9

hy o 15 o d 15 "1
BZIO 810

-alv > - 2v = (73)
ov
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and those for the first-moment equation are

9
R O 0 T SO - £ B S
o 5 CRAGE hvs” 51 "5Y% Ay

BI) 971 91

o] 2 2 1 1

- B =2 _ 9

vl v +5a(11+v > 2y 3v)] (74)

TESTS OF THE EQUATIONS

The equations derived above can be subjected to a number of tests
to determ:ne whether known results are obtained. Consider a scattering
medium containing a weak radiation field for which the stimulated emission
terms can be neglected. Integrations can then be carried out over the
solid angle and the entire frequency spectrum. The resultant integrated
radiative-transfer equation becomes an equation for the rate of change of
radiation energy within a particular volume element. The Compton contri-
butions to the rate of change represent the rate of loss or gain of energy
from the radiation field. They also correspond to the gain or loss of energy

by the electrons. These terms are
2
OE "E oE

2 v 2 v v
fdvfdﬂ(l‘1+]."3)-usc f'YEvdv+f'y 3y dv+afv az-Zv 5 dv

v

I
: —"-(49 fE dv -fhvE dv) (75)
mec e v v

where Ev =1/c [ dQ1(v,Q) is the spectral radiation energy. This is pre-

cisely the result given by Grasberger (Ref. 10).
The terms taking account of the stimulated scattering can also be
included provided the radiation is isotropic. The contribution to the

heating rate is
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u 2
4w 2 dv s C 2 dv
- = - —_— —_— L e o —_—
fdvfdﬂ. 2 e 2m fI vz 2m 4rn Ev VZ ()

If, in addition, the radiation energy is given by a Planck distribution having

a temperature 91_, as given by

2h v3

2 hv/e
[of r
e -1

I=B-= (17)

the frequency integrations can be performed. The total resulting heating

rate of the electrons is

dEe i:bu‘s 4
_dt = --—2— O'Gr (91_ - Be) (78)
mc

where o is the Stefan-Boltzmann constant. This rate is applicable to a
blackbody enclosure in which the radiation intensity is somehow maintained
in a Planck distribution corresponding to a radiation temperature which is
different from the temperature of the electrons within the enclosure. The
derived electron heating rate is a well-kno'vn result (Ref. 10) which displays
the characteristic that the radiation and electron temperatures will approach
each o.her by virtue of this scattering interaction, yielding an equilibrium
state in which the temperatures are equal.

These results test all of the Compton terms, including the induced
scattering terms. Consequently, they constitute a strong confirmation of

the correctness of these equations.

APPROXIMA TIONS

Several approximations have been made in deri'ing these equations
which limit their applicability. First, the neglect of high-order terms in

v and a restricts validity of the transfer equation to hv and Ge of the order

of 100 kV. The inclusion of the terms corresponding to Y~ given in reference 4

would allow application of the equations to somewhat higher photon energies.
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The second approximation, resulting from the expansion of the fre-
quency dependence of the intensity and omission of qua‘ratic terms in the
frequency difference, implies that I“ must be a smooth function of frequency.
Near a photoelectric edge or in the neighborhood of a line profile, these
conditions may not be satisfied. An investigation of the validity of this
approximation has been carried out by Chandrasekhar (Ref. 11}, who
evaluated the transmission of line radiation through a cold scattering atmos-
phere. His result shows that even in the case of a 6-function source of
radiation, a relatively small error, as measured by the fraction of energy
erroneously scattered to higher frequencies (see Fig. 33, Ref. 11, p. 334),
results (approximately 15 percent for an atmosphere containing two-thirds
of a mean free path).

The neglect of the specific effects of polarization may also be of
some consequence. Chandrasekhar (Ref. 12) has compared the diffuse
reflection resulting from radiation incident on a semi-infinite scattering
medium when the correlatiou of photon polarization after scattering is
followed or neglected Differences of the order of 5 percent in the scattered
intensity are obtained (see Figs. 24 and 25, Ref. 12, pp. 262 and 263).

Scattering in the treatment of this report results from electrons
which are free. Effects of binding of the electrons and the localization of
the electrons within the atom give rise to modifications of the incoherent
scattering Klein-Nishina formula for free-electron scattering and produce
additional scattering which is coherent with the incident radiation. These
effects are small wren the energy of the photon is much greater than the
binding energy of the atom and when the temperature of the material is
sufficiently high that the probability of bound electrons being present is

small.
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EQUILIBRIUM SPECTRA

In this subsection, the solutions to the above equations corresponding
to scattering of radiation in a homogeneous enclosure are examined. The

equation for the spectral energy density is

] 810 CZ 610
28 _ - - - e T —
= p,a (B Io) p.s 2'on + (1 + 3 Io) (Io v 3v)
hv
, 81 a1
o o
-aly 5 - 2v 35 (79)
oy .

The steady-state solution of these equations should admit a Planck function
for the radiation intensity corresponding to the temperature of the electrons.
Substitution of the Planck function into Eq. (79) shows that such is the case.
For the Planck function to satisfy this equation, however, it is necessary
that the correct number density of photons be present. This condition will
not in general be satisfied, however, if only the scattering interaction is
present. More generally, the equilibrium will be achieved with too few or
too many photons for the thermodynamic equilib:rium solution to apply.

If too few photons are present, the induced scattering-terms quadratic in

I0 will be negligible, giving the steady-state equation

2 9”1 91
v el 2)v=+X1 =0 . (80)
2 a v a o
v
~hv/6
This equation is satisfied by the function I0 = Av'e , the Wien approxi-

mation to the Planck function, but it has an arbitrary normalization, depend-

ing on the number of photons present.
If, on the other hand, there are too many photons for the thermo-

dynamic equilibrium solution, only the quadratic *erms need be retained,
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o
iy =l & 1.0 or I =v5= (81)

In this case, the solution is Io = Bv, where B depends on the photon number
density. However, this solution is valid only for frequencies such that

vZ < (cZ/h) B.

CRITERIA FOR COMPTON HEATING

The inclusion of the Compton and inverse Compton scattering contri-
butions to the heating rate is required only when the heating by pure
absorption is negligible by comparison. In order to estimate the conditions
where the Compton terms must be included, an estimate of the absorption
contribution to the heating is derived and is then compared with the corres-
ponding Compton scattering formula. As shown above, if the radiation
intensity can be characterized by a Planck distribution with er, the electron

heating rate from Compton scattering is

Y -17 4 3
-a?)c =2.1 X110 Neer (er - Be) (ergs/cm™ sec) (82)

‘when temperatures are measured in eV and Ne in cm™ ",

At high temperatures, the pure absorption mechanism giving the
largest contribution will be that from the free-free absorption. By using
the abgorption coefficient for the free-free process (Ref. 13), it is possible
to derive a formula for the rate at which electrons exchange energy with

the photons:

dE
el _ -25 _2 -1/2 3
s )ff =1.5x%x10 z NeNi ee (Or - Be) (ergs/cm” sec) (83)

where ZZ is the effective square of the ionic charge and Ni is the ionic

number density.
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The ratio R of the absorption heating rate to the scattering heating

rate is given by
9,2

7.2x10 7 2 N,
R = (84)
e1/2 e4
e r

A large value of R implies that scattering can be neglected in the electron
heating rate. As an illustration of the application of this formula, one can
obtain the temperature and density conditions at which heating due to scat-
tering and absorption are equal. Figure 15 displays the temperature-
density dependence of this condition, R = 1, for several typical materials,
assuming that ee = er. In applying this result, it should be kept in mind
that deviations of the radiation spectrum from Planckian will strongly
affect the answer.

The above criterion for the electron heating rate does not directly
apply to the relative importance of absorption and scattering on the spectrum
itself, since the frequency dependence of the absorption and scattering terms
is quite different. If K 2 1, the low-frequency portion of the spectrum will
be dominated completely by absorption. The high-frequency portion of the \
spectrum will be modified predvminantly by direct Compton scattering if

Or >> Ge and by inverse Compton scattering when Gr << Ge.
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APPENDIX VI

A MODIFIED METHOD OF CHARACTERISTICS
FOR RADIATIVE TRANSFER

In references 14 and 15, quantities termed 'transmission functions'
are proposed for use in the analysis of radiative transfer by the method of
characteristics. These functions are mean values of the monochromatic
attenuation factor exp(-p,chx) for a range of frequencies Av, where Ax is
an interval along a ray within which the density p and opacity e, are
assumed to be uniform. The frequency average of this exponential is taken
with two different weighting functions Bv and dBv/dG. In an idealized
problem with uniform temperature only the first of these averages, denoted

by S(Ax), is needed. This function, defined by

Y+
f B(V.Oi) exp[-pirci(v,pi.ei)Axi] dv
v,
= J -
Sij(Axi) et (85)

f B(v.ei)dv

v,
)

has a limiting form for very small Axi given by
S..(Ax.) ~ exp(-ptcp Aax.) (86)
ij- i ij i

where tcil:,’ is the usual Planck mean. For larger Ax (in most cases still
rather small) the function flattens out rapidiv; i.e., -(1/p Ax) log S is a
decreasing function of Ax, eventually limiting to the minimum value of k,

in the frequency group at sufficiently large Ax, plus terms of order ax-1.
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In a medium with uniform composition, temperature, and density, the
transport equation for the intensity in group j at a point X along a ray
X <x< x due to radiation moving in the positive x direction is given in

references 14 and 15 as
Ij(xn) E Bj(xn) + [I(xo) = B(xo)] Sj(xn = xo) (87)

If the interval (xo,xn) is now subdivided into n zones of width Ax = (xn J xo)/n,

the intensity at each of the subdivision points is

Ij(xi) Bj(xi) * [I(xi_1) - B(xi-i)] Sj(Ax)

2
Bj(xi) + [I(xi_z) - B(xi-Z)] Sj(Ax), etc. (88)
By repeated application of Eq. (88), on- readily obtains
n
Ij(xn) = Bj(xn) + [I(xo) - B(xo)] Sj (Ax) (89)
which, with Eq. (87), implies that
5;(nax) = §7(Ax) (90)

a condition which is satisfied if S is an exponential function, but is unfor-
tunately violated by functions of the type described in references 14 and 15.
With sufficiently fine subdivision of the medium in this example, the atten-
uation would in fact be that given by the Planck opacity, an incorrect result
apart from the limiting case in which pfcp(xn - xo) << 1.

This example exhibits the limitations resulting from one of the
assumptions made in references 14 and 15, and in Eq. (87), namely that
the frequency dependence of I(v) within each group is proportional to that
of B(v) at every point along the ray. Actually, the frequency dependence
of I{v) depends inherently upon conditions along the entire ray, and no
method of frequency averaging based onlv upon locally evaluated tempera-

ture and density can be expected to be valid.
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A second and unrelated difficulty occurs in spherical geometry,
namely that consistent and simple models for the spatial dependence of the
source function do not reduce to the correct diffusion limit, and other
models which limit correctly are somewhat inconsistent and have a ten-
dency to yield negative values for the intensity (Ref. 2, Vol III).

In this appendix a formulation is proposcd which employs (1) ncalocal

"transmission functions'' of exponential form and (2) an appar~ntly consistent

model for the source function which has the correct diffusion limit. The
method utilizes only the currently available Planck and Rosseland group
mean opacities, but is capable of generalization to 2 formulation which, by
describing the frequency dependence of opacity within each group in more
detail, may allow use of fewer groups to attain the needed accuracy.

For monochromatic radiation, the intensity aleng a ray at optical

depth iy is given by

-('rn - 'ro) 2 -('rn -T)
r )= Xr ) e + f Be dr (91)
1’0
with integration by parts,
-(r+ -7) T -(r -7)
+ + dR
Ir)) = B(r ) + [I(r ) - B(+})] ¢ = e [“ el a dr (92)
[o]

The last term, representing source gradient contributions to the intensity,

may be represented as a sum of individual zone contributions:

n dB "''n
f e dr = Z Q (93)
1’o k=1
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where
T “{t_ -171) -{r_ -7)
_ dB n + - n k
Q- f e dr+(B - B)e
Tk-1
-{ T 8 -0, (s, - 8)
k k dB k' 'k + -
= e /; e ds + B, - B (94)
k-1
Here s is the geometric distance along the ray, O = PRy is assumed
constant in each interval s < s <s , and the possibility of discontinuous

k-1 k
B(s) at interval boundaries is allowed for.

It is now necessary to represent the scarce gradient dB/ds in an
explicit manner. Let the direction cosines of a ray with respect to

Cartesian axes x, y, and z be denoted respectively by §, n, and {; then

dx =

ds =

3 |-

dy = z— dz (95)

!I'l"lhb

The quadratic form

Blx,y.2) = Blx,yp o z) + & (2 - 2) + B (<0 +y7 - x) - y])

2 2 2 2 2 2
+yk(x +y +z -xk-yk-zk)

o W Bkl

<
Yeg Y < Y

2 4 <z < z, (96)

has planc symmetry if ﬁk =N G 0, cylindrical symmetry if A =V T 0,
spherical symmetry if a, = Bk = 0, and two-dimensional (finite) cylindrical
symmetry if just e ® 0. This form may be simplified s 1newhat if the
Cartesian axes can be chosen independently for each ray, so that, for

example, the x-axis is parallel to the direction of the ray in spheirical
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geometry, or to the projection of the ray on the plane z = 0 in cylindrical
geometry.

From Eqs. (95) and (96) the source gradient along the ray is

dB

35 © akt; + Zﬁk(gx Fny) + Zyk(gx + ny +¢z) (97)
so that
o Py Y
an =|l—1t+2— (E,o- K oYy - é -n ) + 2~ (gt‘f kT M0V
Sp 0'
k k
-(r_-1T1,)
+ - n k
tgo,z -1 +B -B le
a B Y
k 2 2 k
R 3 2 Bope g POy g~ - 2 e
k o o
k k
(v -7 )
n k-1
e T g - e B

On comparing Eqs. (97) and (98), it is apparent that when T T >> 1
the intensity limits to the value
dB
, U )=Blr) - 3= |

Tz T

i (99)
where for plane geometry Tt'l o and otherwise -rr'1 T ¥ - 1. This is
essentially consistent with the diffusion approximation.

So far, the analysis has been restricted to the single-frequency case.
Equation (92) contains several types of terms, each with a different
frequency dependence, corresponding to a variety of different materials,
temperatures, and densities. Since frequency averaging destroys the
separability of these contributions (as discussed above), approximation
methods of a nonlocal character are needed.

The transmission functions of reference 15 can easily be generalized

to nonlocal form. For example, the Planck transmission function defined
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for a single zone by Eq. (85) is to be replaced by the kernel

s AR ™ it

\j(si,sn) = f o, ( i,v) expz [-o-k(v,pk,ek)Ask]dv f GiB(Oi,v)dv
s v
K=1

V. .
J 1
(100)

which describes the attenuation of radiation emitted at A between s and a
field point s Of course, the direct evaluation of the terms in Eq. (100)
is scarcely feasible in practice. Instead, a representation of the entire
function is required which can be readily evaluated and which preserves

some of the characteristics of Eq. (100), in particular, the thin limit

: = P
lim S.(si,sn) =1 - (srl - si) O'j (sn) (101)
s -8,
n i
where crjp(sn) is the group Planck mean. A necessary condition for the

diffusion limit is thal for opacity independent of position

: R °n )
lim v (s ) -[ S;(s,8 ) ds = 1 (102)

8§, —»-® A
1 1

where o-?(sn) is the group Rosseland mean. In general, Sj as a function of
s should be uniformly positive, while the first derivative should be
uniformly negative; also, the function should be short-range in the sense

that for

-m
’i —--® , Sj(si’ sn) d (sn - si) ’ m>1 (103)

where if m is not infinite, as for an exponential, it is at least large enough
to restrict the significant contributions to the integral in Eq. (102) to
source positions within a very few Rosseland mean free paths of the field
point in all except pathologically nongrey cases.

The following construction is a nonlocal "picket-fence' (Refs. 16
and 417) transmission fur .'ion of this type. It is assumed that the group
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Planck and Rosseland means are known at each point, and that a parameter
bkj characteristic of the opacity distribution within group j at point sk can
be chosen. (For brevity, the group index j will be supprested in the
following formulas.) The first step is to construct the following composite

opacities for each point:

A a‘p + bO‘R - sgn(1 - bz) [(a'p - O‘R)(U'p - bZU'R)JHZ
o = (104)
1+b
B crp . bch + sgn(1 - bz) [(cp - O'R)(U'P - quR”UZ
5 < (105)
1 -b
where b is to be chosen so that cA and ch are real, and
0 <(rA < (rB (106)

These conditions are satisfied if ¢F = aR, or if sgn(1 - bz) = sgn(cp - ch).
i.e.,

b2 <1< U'P/U'R (107)
or

b2 >15oF /R (108)

Equation (108) only applies to cases which are nearly grey, or which have
substantial scattering contributions in the Rosseland mean. Values of
crA and ch for two ratios ap/ch are shown in figure 16.

The second step is to define the optical distances

n
fA(si,sn) . f e s) e (109)
5
8
TB(si.Sn) =f ! e a) & (110)
"
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Figure 16. Dependence of Component Opacities on the Parameter b
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Next, the transmission functioa is represented by

A B
¢ -7 (si,sn) { -7 (si,sn)
S(si'sn) = -Z-(i 4 bn) e + -Z-(i - bn) e (111)

and, finally, the ""nonlocal opacity' hy

a
U(si,sn) z - -d—s—log S(si,sn)
n
A
. 1 1 A -7 (8.8 ) i3 B - (si,sn)]
' S(si.sn) [5(1 ¥ brx)(y (sn) = + 5“ - bn)U (sn) e
‘ (112)

The significance of the parameter b is now clearer. Assuming O'P to be
considerably larger than O'R along the ray, two limiting casee can be
distinguished. The nongrey character may be due to the presence within
the group of a few strong line components, with the absorption minima, or |
windows, occupying most of the group width. The apprcpriate values of b
will then be those near 1, so that according to Eq. (105) the "line'' opacity
o’B is large compared with o'P. The transmission, as shown in figure 17,
attenuates at the Planck rate for a very .short distance, with most of the
contributions attenuated at a rate o*A which is slightly less than the Rosseland
mean. At the other extreme, there is the less probable situation in which
the absorption maxima are broad, with the nongrey character due to the
presence of isolated narrow but deep windows. For b -+ -1, cA -~ 0, and

O'B - O'P. The transmission attenuates at nearly the Planck mean rate

for perhaps several Planck mean free paths, but then levels out in such a
way that small contributions are trznamitted with little attenuation from

remote sources. For intermediate cases, values of b near zero may be

used. In particular, for b =0,

A
o

B
o

=0'Pﬂ:[o‘P(0'P = ch)]il2 (113)
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Figure 17. Transmission Function S(Ax)
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and just half of the emitted radiation attenuates by each of the rates o

and cB. For cp < (TR, in order that the S function defined by Eq. (111) be
positive at large distances, b must be restricted to positive values b > 1.
The transmission functions also have a more appropriate shape near the
source for b > 1, as shown in figure 17.

The evaluation of the parameter b will be discussed in a subsequent
report, in terms of a distribution function for mean free paths at each
point (Ref. 17). In the absence of such information, a 'defined' value
such as 0 may be used. It should be noted that the Milne -Eddington model
is not explicitly assumed; however, b is not treated as a function of position
in the definitions of the derivative and integral ui the transmission function,
Eqs. (112) and (102).

The quantities of the form e~{™n = TK) apng Lo appearing in Eqs. (92)
and (98) may then be evaluated by the expressions given in Eqs. (111) and
(112), respectively, to obtain a computationally feasible frequency-
averaged form.

The source gradient coefficients a,, ﬂk, Y in Eqs. (96), (97), and
(98) are readily defined by Rosseland optical depth interpolation. The index
k may be regarded as ordering the intersections of the ray with successive |
surfaces, which are alternately boundary surfaces and midsurfaces for
each cell; furthermore, k and s are assumed to increase in the direction

of the ray. Thus, if k indexes a boundary point and k-1 a zone midpoint,

for one-dimensional cases

2 _Bk'Bk-i 6 _Bk'Bk-i _Bk’Bk-i (114]

k z -z . ' Pk "z 2 ’Vk'Rz 52

} ) k" k-1
where r2 and R2 are, respectively, x2 + yz and x2 % yz % zz, and
R

T T i T o b B (118)

ko ket E R(z z )+0'R (z z:)

b "R "B " LR T Ly PP R
193




AFWL_-TR-67-131, Vol 11

for plane geometry, and

R 2 .2 .2

B =B 44 (Biyg = Biy) (o) (Ry - Ry ) e

k  Tk-1 k(’ﬁ"'(az Rz )*(R)sz Rz (416l
" " Pxoy) YL B Ry

for spherical geometry. One-dimensional cylindrical geometry may employ
an interpolation formula like Eq. (116) with R replaced by r. The coefficient
¢, is 1 unless the step modelis to be used, in which case by K 0 and con-

k
sequently a, = p‘( =y, = 0. In two-dimensional cylindrical geometry, the

k
corresponding formulae for bilinear Rosseland optical denth interpolation
in the variables z and rz are left as an exercise for the reader. If k
indexes a midpoint, similar formulae apply, with
+
B, -B
@, = zk zk'i, etc. (117)
k = “k-1
A fina) remark is that for the plane case, the integration over ray
orientation should be performed analytically. The exponentials in Eq. (111)
are then to be replaced by E-functions. The detailed evaluation of this

approach is left for a subsequent report.
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